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P.1 Scope 





Note: This preface is not normative, but for information only. 


1. Scope 


Photo CD establishes a system for storing high resolution digital photographic images 
on Compact Discs. The system provides for the means of scanning photographic film, 
processing the resulting images, and recording them as a series of digitally coded 
images on a Photo CD disc. The stored images provide a means for display under 
a plurality of resolutions, for both soft display and hard copy. The highest image 
resolution preserves the image quality of the best 35 mm film. This system description 
defines the procedure for storage and retrieval of these images with the associated 
control data and audio data on the disc. 


Photo CD is an application standard employing the CD Bridge disc. By using the CD 
Bridge disc concept, Photo CD discs play on CD-I, CD-ROM XA, Photo CD players, 
and other hardware and software platforms. This is a direct consequence of the ability 
of a CD Bridge disc to include application software and retrieval structures for a variety 
of platforms, e.g. CD-I applications, Photo CD player structures, and other applications 
or access structures. 


A 12 cm Photo CD disc can contain more than 100 images and an 8 cm disc more 
than 36 images of the highest resolution. A Photo CD disc can be either a pre- 
mastered disc or a CD-WO Hybrid disc. CD-WO Hybrid discs can be progressively 
updated, i.e. additional images, audio, and/or control information can be appended in 
subsequent recording sessions, until the disc storage capacity is filled. 
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2. Field of Application 
Introduction 


The Photo CD system combines the convenience and quality of film-based 
photography with the many advantages of digital storage. No special camera is 
needed to make a Photo CD disc. Instead, images on photographic film, for example 
35 mm color film, are scanned, processed digitally, and written to Compact Disc. 


Photo CD is designed to support a wide variety of uses in the imaging marketplace. 
For the photographic sector, Photo CD discs provide the ability to view images on TV, 
make prints, compile digital aloums, and store images conveniently. For the video and 
audio sector, the Photo CD system provides images and audio in a way that is 
compatible with all video standards including HDTV, and accepts other optical disc 
pre-recorded media. Furthermore, it is accessible to home computers. 


Professionals who require high image quality can use images from Photo CD discs to 
produce high quality publications and enlargements. They can also manipulate and 
transmit images using workstations and use Photo CD discs as a distribution medium. 
Pre-programmed play order, menu construction, and CD-I compatibility mean that they 
can arrange images into, for example, business presentations or pre-recorded 
image/audio based instruction manuals. 


Digital Coding for Photo CD Images 


The coding for the Photo CD system is designed to meet the needs of such a multi- 
use environment. The Photo CD coding scheme has several features: 


Spatial Resolution: a resolution of 3072 x 2048 pixels captures the fine detail of 35 
mm film and allows high quality enlargements, even up to poster size. 


Color Processing: all images are processed to deliver the color and brightness 
balance for proper display, regardless of whether the original images are negatives or 
reversal film. To insure good color reproduction, the images are encoded to a color 
coding system (color metric) referred to as Photo YCC. Photo YCC is a 
luminance/chrominance color data metric that is based on video primaries and is 
designed to allow simple video display without compromising the color gamut of 
photographic media. It is defined in terms of an ideal reference capture device that 
has a white-to-black dynamic range which exceeds that of either prints or video. Thus 
Photo YCC provides image processing "headroom" for subsequent balance correction 
and is independent of any particular output device. 
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Hierarchical Decomposition: as previously discussed, the 3072 x 2048 resolution 
for Photo CD images provides for very high image quality; but, for many uses, reading 
an image of this size from a Photo CD is time consuming and unnecessary. In fact, 
there is a need for images to have different resolutions depending on the intended 
use. In addition there is a need to compress the image data to allow for the storage 
of a reasonable number of images on a disc. 


The Photo CD disc therefore contains a hierarchy of properly prefiltered and sub- 
sampled (decimated) image components of different resolutions from the same image. 
This hierarchy is stored in a structure referred to as an Image Pack, and is arranged 
as a series of decimations by a factor of 2 in both the horizontal and vertical 
directions, resulting in a collection of image components: Base/16 (192 x 128), Base/4 
(384 x 256), Base (768 x 512), 4Base (1536 x 1024), and 16Base (3072 x 2048). 


The Base, Base/4, and Base/16 images are stored after decimation. For many video 
systems these resolutions are easy to access and may have all the image quality that 
is necessary. The higher resolution 4Base and 16Base components, on the other 
hand, are not stored directly. Instead, they are stored as the difference between an 
interpolated low resolution image component and the original high resolution image 
component; the result is referred to as a residual component. As an example, in order 
to reconstruct the 4Base residual component, the Base image component is 
interpolated and the 4Base residual component is added. Such a residual component 
has more stable statistics than the original 4Base image component, so it is more 
amenable to Huffman encoding. In general, recomposition is much simpler to compute 
than decomposition, so decomposition at authoring time eases the computing 
requirements for playback. 


Compression: compression is achieved by two techniques: storing less chrominance 
data than luminance data in each component, and by quantization and Huffman coding 
of residual components. 


For every image resolution component containing chrominance channels, those 
channels are stored at half resolution in both the horizontal and vertical directions. 
This exploits a property of the human visual system; the human eye is far less 
sensitive to fine detail in chrominance channels. 


Residual coding takes advantage of the greatly reduced range of the residuals. 
Residual image components contain information concerning only the finest details in 
an image. The most frequent values contained in a residual component are tightly 
clustered around the zero value, and the statistics are such that residuals lend 
themselves to variable length coding, such as Huffman coding. A human observer is 
relatively insensitive to the exact levels of individual pixels in high detail areas, so the 
highest levels of residual code values can be quantized into fewer bits for more 
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efficient coding. 


The decomposition and compression techniques result in both quick access of low 
resolution data and the capability for efficient storage of more than 100 images on a 
12 cm disc. 


Format Compatibility and Hardware Requirements 


Implicit in the Photo CD system described here is a scanner and a dedicated computer 
driven CD-WO authoring system that takes a scanned film image, performs color 
correction, color encoding, hierarchical decomposition, and compression. The CD-WO 
authoring system includes a CD-Writer, writing Photo CD images and related data on 
a special purpose CD-WO disc for restricted use. Special software is required to run 
the system. 


Photo CD is an application of the CD Bridge disc system. The CD Bridge disc system 
can be viewed as a compilation of all the different applicable CD related systems, such 
as CD-ROM XA, CD-I, CD-WO and ISO 9660. It includes the CD-ROM XA system and 
ISO 9660 file structure which allow computer access, a CD-I application program 
which is needed to play on a CD-I player, and data structures necessary to allow the 
design of an inexpensive microprocessor based Photo CD player. In addition there 
are provisions for other extensions that include other application codes. 


Additional Features 


The Photo CD Player is seen as a special low cost player that will play both standard 
CD-DA audio discs and Photo CD discs. It allows consumers to view their images on 
TV, arrange them into special views and play sequences, and utilize such interactive 
features as zoom, pan, Picture-in-Picture, image overview, and image related audio. 


Photo CD discs can be either pre-mastered or CD-WO Hybrid discs. CD-WO Hybrid 
discs are updatable, i.e. a consumer can take them back to a Photo CD authoring 
system and have more images, control data or audio added until the disc capacity is 
filled. 
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All Photo CD discs include a CD-I application program. This allows access to Photo 
CD discs by CD-I players. 


Photo CD discs have the capabilty to allow pre-programmed play order and menu 
structures. 


Audio Coding for Photo CD Discs 


Image related audio may be recorded in 2 ways : 

- as PCM audio (CD-DA) Tracks 

- as Interleaved ADPCM (compressed) audio in Data Tracks. 

Audio may be pre-mastered or appended to a Photo CD Disc. Interleaved ADPCM 
audio allows for image sequences to be synchronized to music or narration; PCM 
audio allows user-defined audio clips to be played in an asynchronous fashion. All 
Photo CD players support CD-DA Track playback, and optionally, support interleaved 
ADPCM. 


Image and Audio Playback Control 
Data structures to control the playback of images, with or without associated audio, 
are included. Through the use of branching and user interaction, image and audio 


sequences can be selectively played. 


Separate structures are provided for computer based systems and for Photo CD 
players. 
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1.1 Conformance 


Photo CD conforms to the mandatory requirements specified in this document. All 
parts in this document are mandatory unless they are specifically defined as 
recommended or optional or informative. 


Photo CD also conforms to the applicable parts of the system descriptions or 
international standards that are listed below: 


- CD-DA : Compact Disc Digital Audio, specified in the System Description Compact 
Disc Digital Audio ("Red Book"), N.V. Philips and Sony Corporation. 


- CD-ROM : Compact Disc Read Only Memory, specified in the System Description 
Compact Disc Read Only Memory ("Yellow Book"), N.V. Philips and Sony 
Corporation. 


- CD-I : Compact Disc Interactive, specified CD-I Full Functional Specification ("Green 
Book"), N.V. Philips and Sony Corporation. 


- CD-ROM XA : Compact Disc Read Only Memory Extended Architecture, specified 
in the System Description CD-ROM XA, N.V. Philips and Sony Corporation. 


- CD-WO : Compact Disc Write Once Recordable System, specified in the System 
Description Recordable Compact Disc Systems Part II : CD-WO ("Orange Book - 
Part II"), N.V. Philips and Sony Corporation. 


- CD Bridge : Compact Disc Bridge, specified in the System Description Compact 
Disc Bridge ("White Book"), N.V. Philips and Sony Corporation. 


- ISO 9660 : Information processing - volume and file structure of CD-ROM for 
information interchange. Ref. No. ISO 9660 : 1988 (E). 


- ISO 646 : Information processing - ISO 7-bit coded character set for information 
interchange. Ref. No. ISO 646 : 1983 (E). 


- ISO 8859-1 : Information processing - ISO 8-bit single byte coded graphic character 
sets. Part l: Latin alphabet No. 1. Ref. No. ISO 8859-1 : 1987 (E). 


- ISO 2022 : Information processing - ISO 7-bit and 8-bit coded character sets - 
coded extension techniques. Ref. No. ISO 2022 : 1986 (E). 


- CCIR Recommendation 709. 
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- CCIR Recommendation 601-1. 
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1.2 Conventions 


Unless otherwise indicated in this document the conventions used are as follows: 


Bit ordering 


The graphical representation of all multiple-bit quantities is such that the most 
significant bit (msb) is on the left and the least significant bit (Isb) is on the right. 


Figure I.1 Example of bit ordering for 8 bits 


msb Isb 
b7 b6 b5 b4 b3 b2 b1 bO 









































< 1 byte > 


The most significant bit is the bit with the highest bit position number. 


Bit designation 


Bit#i denotes the bit with bit position i, according to Figure 1.1. 


Byte ordering 


Quantities which require more than 8 bits for their representation are held in more than 
one byte on disc. For all such quantities, the ordering of bytes on disc (as seen at the 
interface to the disc driver) is such that the Most Significant Byte (MSB) is first and the 
Least Significant Byte (LSB) is last. 


Multiple-byte quantities are represented graphically such that the left-hand-most or 
upper-most byte is most significant and the right-hand-most or lower-most byte is least 
significant. 
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Figure |.2 Example of byte ordering for 2 bytes 


< MSB >< LSB > 














b1 5 senna b8 b7 eee b0 


























«— byteB1— »«— byteB2 —» 





The most significant byte is the byte with the lowest byte position number. 
Byte designation 


Byte#i denotes the byte with byte position i, according to Figure 1.2. 


Strings 


Strings are always given between double quotation marks " 


Hex 

All Hexadecimal values are preceded by a $. The most significant nibble is on the left, 
the least significant nibble is on the right. 

Binary 

All binary values are preceded by a %. The most significant bit is on the left, the least 
significant bit is on the right. 

Decimal 

All decimal values are preceded by a blank space, or the range indicator .. when 
included in a range. The most significant digit is on the left, the least significant digit 
is on the right. 

Units of measure 


1K denotes 1024 units. 
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Range 

Constant 1..Constant 2 or (Constant 1..Constant 2) denotes the range from and 
including Constant 1 up to and including Constant 2, in increments of 1. 
Approximately 


All values that are only approximately defined are preceded by a ~. 


Ordering within tables 

The items within a table are contiguous, starting with the top line from the left to the 
right item, then the next line from the left to the right item, and so on, down to and 
including the bottom line from the left to the right item. 


Multiplication 


Multiplication of 2 values is denoted by *. 


Matrices 


Matrices of two variables H and V are denoted by H x V. 
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Il.1 General 
ll.1 General 


This chapter gives the specification of the general format of a Photo CD disc. 
The Photo CD disc specification conforms to the CD Bridge System Description. 
The different types of disc that may be used for Photo CD are described in Section 


Il.2 "Disc Types" and the structure and organization of the physical areas on a disc 
are described in Section II.3 "Disc Organization". 
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II.2 Disc Types 


A Photo CD disc can be a pre-mastered disc or a CD-WO Hybrid disc. 


2.1 CD-WO Hybrid discs 


This type of disc is specified in the CD-WO System Description. It contains one or 
more Sessions (described as Volumes in the CD-WO System Description) and can be 
updated by adding one or more Sessions. 


Disc Application Code 


During the Lead-in Area of CD-WO Hybrid discs, the ATIP and the Subcode Q- 
channel Mode 5 contain the Disc Application Code, conforming to the CD-WO System 
Description. This code distinguishes between discs used for different applications. 


Photo CD CD-WO Hybrid discs belong to the category "Discs for restricted use", and 
are further identified within this category as special purpose discs for Photo CD. 


Two different types of special purpose discs for Photo CD are defined : Type 1 and 
Type 2. 


Disc Application Code in the ATIP 

This is coded in the "Seconds" byte of the ATIP frames with special information in the 
Lead-in Area, when the msbs of the Minutes, Seconds and Frames bytes (bits 5, 13 
and 21) form the combination 101, as follows: 


- bit#14 = %0 : disc for restricted use 
- bits#(15..20) = %000001 : special purpose disc for Photo CD, Type 1. 

- bits#(15..20) = %000010 : special purpose disc for Photo CD, Type 2. 

Disc Application Code in the Subcode Q-channel Mode 5 

This is coded in the "Seconds" byte of the Subcode Q-channel Mode 5 in the Lead-in 
Area, when POINT = CO, as follows: 


- bit#7 = %0 : disc for restricted use 
- bits#(6..1) = %000001 : special purpose disc for Photo CD, Type 1. 
- bits#(6..1) = %000010 : special purpose disc for Photo CD, Type 2. 


2.2 Pre-mastered discs 
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This type of disc is pressed in the same way as an ordinary Compact Disc, and cannot 
be updated. It contains one or more Sessions. 


A multiple-Session pre-mastered disc has a Subcode Q-channel Mode 1 and Subcode 
Q-channel Mode 5 that conform to the CD Bridge System Description. 


The Subcode Q-channel Mode 1 absolute time code (ATIME) and the Header address 
before the CIRC/EFM encoding, are identical. 
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I.3 Disc Organization 


A disc contains one or more Sessions. A Session consists of a Lead-in Area, a 
Program Area and a Lead-out Area. 


Photo CD disc organization conforms to the System Descriptions as listed in 1.1 
"Conformance", extended or modified as specified in this section. 


3.1 Lead-in Area 


The Lead-in Area is encoded as a Data Track containing Empty Sectors of Mode 2 
Form 2. 


The Subheader of all Lead-in Area Sectors is defined as: 
- File Number equals 0 

- Channel Number equals 0 

- Submode byte equals $20 

- Coding Information byte equals $00 
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3.2 Program Area 


The first Track of a Program Area is a CD-ROM XA Track. This starts with a Gap of 
150 Sectors, followed by an Index Table Area of 16 Sectors, followed by the Primary 
Volume Descriptor Area and the Data Area. This Track may be followed by further 
CD-ROM XA Track(s). The CD-ROM XA Track(s) can optionally be followed by one 


or more CD-DA Track(s). 


Fig. Il.1 Example of a Photo CD disc Program Area layout 
with one CD-ROM XA Track and one CD-DA Track. 
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The start times of the Gap, the Index Table Area and the Primary Volume Descriptor 
(PVD) Area in Figure Il.1 are relative to the beginning of the Program Area of the 


Session. 
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3.2.1 Index Table Area 


The Index Table Area contains the data needed to access the data on disc as needed 
by simple microcontroller based playback systems, such as the Photo CD player. 


The Index Table Area occupies 16 Sectors. These Sectors are structured to conform 
to the Microcontroller Readable Sectors (MRS) format, which is further defined in II.4. 


The Subheader of all Index Table Sectors is defined as: 
- File Number equals 3 

- Channel Number equals 0 

- Submode byte equals $08 

- Coding Information byte equals $00 


3.2.1.1 Index Table Continuation 


The Index Table Continuation is reserved for future use. It resides in the Data Area 
of the same Session as its associated Index Table Area. 


A field in the Index Table indicates whether or not the Index Table Continuation exists, 
and also points to the Header Address of the start of the Index Table Continuation (if 
present). 


The Index Table Continuation consists of Microcontroller Readable Sectors as defined 
in 11.4. 


3.2.2 Primary Volume Descriptor Area 


The Primary Volume Descriptor Area (PVD) as specified in the Compact Disc Bridge 
System Description has to be present. 


The Subheader of all PVD Sectors is defined as: 
- File Number equals 0 

- Channel Number equals 0 

- Submode byte equals $08 

- Coding Information byte equals $00 
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3.2.3 Data Area 


The Data Area can contain the following components: 
- Path Table 

- Directory Files 

- Image Pack(s) 

- Overview Pack 

- Startup Image 

- Play Sequence and Selection 

- Extended Play Sequence and Selection 

- Index Table Continuation 


These files do not need to be present. They can occur in any order. Other files can 
also be present. 


Subheader File Numbers are reserved as follows: 


- Overview Pack 

- Startup Image 

- Index Table Area 

- Index Table Continuation 

- Play Sequence and Selection 

- Extended Play Sequence and Selection 
- Image Packs 


DARUNI 
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3.2.4 CD-DA Track(s) 


CD-DA Track(s) are optional. 

CD-DA Track(s) contain one or more CD-DA Clips. 

A CD-DA Clip is a piece of CD-DA that is identified by a start pointer and a stop 
pointer (see Fig. II.2). Any CD-DA Clip can be composed of one or more CD-DA 
Clips. 


Within plus and minus 4 Subcode Q-channel frames from all start and stop pointers, 
CD-DA is coded as digital silence (see Fig. 11.2). 


Fig. II.2 Structure of a CD-DA Clip 
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1.4 Microcontroller Readable Sectors 


The Microcontroller Readable Sectors (MRS) contain the control data needed by 
simple microcontroller based playback systems, such as the Photo CD player. 


A MRS consists of NBYTES. A NBYTE is a group of 4 contiguous bytes with identical 
contents. 


MRS have a structure optimized for easy readability by a simple microcontroller. 

This easy readability is obtained by: 

- Successive repetition of bytes to form NBYTES. This lowers the equivalent data 
rate by a factor of 4. 

- Including a Start Pattern for synchronization and delay at the beginning of each 
MRS. 

- Including a Type Identifier, a Sequence Number and the Number of Data NBYTES 
in each MRS. 

- Including EXOR and ADD Checksums in each MRS, to allow the microcontroller to 
check for correct read-in. 


A MRS is a Data Sector in Mode 2 Form 1. 


The Subheader of all MRS Sectors is defined as: 

- File Number: depends on the MRS application 

- Channel Number: depends on the MRS application 
- Submode byte equals $08 

- Coding Information byte equals $00 
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Fig. I.3 Structure and entries of MRS data 
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Reserved Bytes 





MRS Start Pattern 


- This field occupies 8 NBYTES. 
- The value of every NBYTE in this field is $FF. 


MRS Checksum EXOR 


- This field occupies 1 NBYTE. 

- The value in this field is the byte-wide EXOR function of the range of NBYTES from 
the MRS Type Identifier up to and including Data NBYTE #last. 

- It is binary coded. 
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MRS Checksum ADD 


- This field occupies 3 NBYTES. 

- The value in this field is the unsigned magnitude addition of the range of NBYTES 
from the MRS Type Identifier up to and including Data NBYTE #last. 

- It is binary coded. 


MRS Type Identifier 

- This field occupies 1 NBYTE. 

- It identifies the type of data stored in the MRS. 

- It is binary coded. 

MRS Sequence Number 

- This field occupies 1 NBYTE. 

- It starts at zero for the first Sector with a given MRS Type Identifier, and increments 
by 1 for each following Sector with the same MRS Type Identifier. 

- It is binary coded. 

MRS Number of Data NBYTES #(1..last) 

- This field occupies 2 NBYTES. 

- It gives the number of NBYTES from Data NBYTE #1 up to and including Data 


NBYTE #last in the MRS. 
- It is binary coded. 


Data NBYTES #(1..last) 
The actual MRS data is contained in Data NBYTES #(1..last). 
Actual coding depends on the Type Identifier. 


Reserved Bytes 


These bytes pad the remainder of the last MRS of a sequence with a given MRS Type 
Identifier. They are intended for future use and provisionally set to $00. 
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lll.1 General 
This chapter describes the Data Retrieval Structure for Photo CD discs. 
A Photo CD disc contains two different types of Data Retrieval Structures. 


One is the File System structure that conforms to the CD Bridge System Description. 
This supports access to a Photo CD disc by CD-ROM XA, CD-I and other ISO 9660 
systems. 


The other consists of the Microcontroller Readable Sectors structure comprising the 
Index Table, the Play Sequence and Selection component, the Extended Play 
Sequence and Selection component and the image attributes. These are intended for 
the Photo CD players which use a simple microcontroller. 


The File System structure and the MRS System structure of each Session both include 
all the data that is necessary to access the data of all the previous Sessions, as well 
as that of the Session itself. 
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Ill.2 File System 


2.1 General 


The File System structure supports the access to the images and other data on disc 
by computer based playback systems, like CD-I and CD-ROM XA. 


The File System structure conforms to the CD Bridge System Description, which 
supports access to the same disc by both CD-ROM XA and CD-I systems. 


The CD Bridge System Description (Level 1 for interchanging conformance) utilizes 
the file structure for CD-ROM XA discs as specified in the ISO 9660 standard in a 
manner that produces discs compatible with CD-ROM XA and CD-I. Other computer 
systems that support ISO 9660 and that read Mode 2 Form 1 Sectors are also able 
to access at least the first Session of Photo CD discs. 


Each Session contains a new set of the File System structure. This structure 
describes the disc from the first Session up to and including that Session. Therefore, 
access to the File System structure of that Session provides access to the whole disc. 


The File System structure always starts at 00’'02"16 into the Program Area of each 
Session. The first component is the Primary Volume Descriptor, followed by the other 
File System structures. 
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2.2 Directory Structure 


Images and data are stored and organized as a File System with a hierarchical 
directory structure. 


ISO 9660 describes only the File System structure on disc. It does not specify the 
presentation of the File System on a host implementation, e.g. mapping upper case 
file names to lower case or displaying/hiding the file name version number. 


Figure Ill.1 describes the minimal required file structure for a Photo CD disc. Optional 
files are shown in parenthesis. Other files or directories that may exist outside the 
PHOTO_CD directory hierarchy are not shown, except for the CDI directory. 
Additional files can exist within the directories shown. The version numbers of the 
files, ";1", are not shown. All files within a Session have a file creation time and date 
that is equal to the Session creation time and date. 

Root directory 0 

This is the root directory of the disc. It may contain further directories or files in 
addition to those shown in Figure III.1. 

PHOTO_CD directory 

This directory contains Photo CD related data. The reserved name for this directory 
is "PHOTO_CD". 

CDI directory 

This directory contains CD-I specific files such as the CD-I application program. The 
reserved name for this directory is "CDI". 


IMAGES directory 


This directory contains the Image Pack files on the disc. The reserved name for this 
directory is "IMAGES". 
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IMGnnnn.PCD files 

These files contain the Image Packs. A file with file name IMGnnnn.PCD contains the 
Image Pack with Image Number nnnn, where nnnn ranges 0001..9999. The reserved 
name for these files is "IMGnnnn.PCD". 

OVERVIEW.PCD file 

This file contains the Overview Pack. The reserved name for this file is 
"OVERVIEW.PCD". 

STARTUP.PCD file 

This file is present only when the disc contains a Startup Image. The reserved name 
for this file is "STARTUP.PCD". 

INFO.PCD file 

This file contains information specific to the Photo CD disc. The reserved name for 
this file is "INFO.PCD". See 2.3 "INFO.PCD File". 

PLAYLIST.PCD file 

This file is present if the Session contains Play Sequence and Selection data. The 
reserved name for this file is "PLAYLIST.PCD". See 2.4 "PLAYLIST.PCD File". 
EXTPLAY.PCD file 

This file is present if the Session contains Extended Play Sequence and Selection 


data. The reserved name for this file is "EXTPLAY.PCD". See 2.5 "EXTPLAY.PCD 
File". 
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AUDIO directory 


This directory is present only if CD-DA Tracks are present in the Session. It contains 
1 file for each CD-DA Track. The reserved name for this directory is "AUDIO". The 
reserved name for the files is "AUDIOnn.PCD" where nn denotes the CD-DA Track 
number, ranging 01..99." 


ADPCM directory 


This directory is present only if ADPCM files are present in the Session. It contains 
the ADPCM files. The reserved name for this directory is "ADPCM". The reserved 
name for the files is "SEQnnnnn.PCD", where nnnnn is a number that uniquely 
identifies the ADPCM Sequence. An ADPCM Sequence consists of ADPCM audio 
with Image Packs. The Image Packs within the ADPCM Sequences are identified in 
the IMAGES directory. 


RIGHTS directory 


This directory is present only if there is one or more Copyright/Use Rights text file(s). 
The reserved name for this directory is "RIGHTS". 
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2.3 INFO.PCD File 


This file contains information specific to the Photo CD disc. It describes the whole 
disc, from the beginning of the first Session to the end of the last recorded Session. 
It is similar in contents to the DDT (Disc Description Table) in the Index Table, but is 
intended for computer based systems such as CD-I and CD-ROM XA. 
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Fig. II.2 Structure and entries of the INFO.PCD File 
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Disc Signature 


This field occupies bytes#(1..8). 
It contains "PHOTO_CD" coded in ISO 646. 
This identifies the disc as a Photo CD disc. 


Specification Version Number 


This field occupies bytes#(9..10). 

It gives the version number of the specification. 

It is binary coded. The most significant byte gives the major version number (the 
number before the decimal point), the least significant byte gives the minor version 
number (the number after the decimal point). The decimal point itself is not coded. 
The Specification Version Number is also stored in the Disc Description Table 
(DDT) (see III.3.1.2), in the Image Pack Information (IPA) (see IV.3.5.1) and in the 
Overview Pack Attributes (OPA) (see IV.4.4). 


Disc Serial Number 


This field occupies bytes#(11..22). 

It contains the Disc Serial Number. It is recommended that the Disc Serial Number 
be equal to the serial number as printed on the disc. 

It has the same contents as the Disc Serial Number in the DDT (see III.3.1.2), but 
is coded in ISO 646. 

The combination of this field with the next field (Disc Creation Time and Date) is 
recommended, to uniquely identify the disc. 


Disc Creation Time and Date 


This field occupies bytes#(23..26). 

It contains a time stamp, corresponding with the actual time when the first Session 
on the disc is generated. 

It is the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 

The combination of the previous field (Disc Serial Number) with this field is 
recommended, to uniquely identify the disc. 
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Disc Modification Time and Date 


- This field occupies bytes#(27..30). 

- It contains a time stamp, corresponding to the actual time when the disc is updated, 
i.e. when a new Session on the disc is generated. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 


Number of Image Packs on Disc 
- This field occupies bytes#(31..32). 


- It gives the number of Image Packs on the disc. 
- It is binary coded. 


Disc Interleave Ratio 


This field occupies byte#33. 

It contains information about the interleave ratio for the Image Packs on the disc. 

If the interleave ratio is the same for all the Image Packs on the disc up to and 

including the last recorded Session then: 

- bits#(7..4) give the number of ADPCM Audio Sectors per interleaved group. 
This number ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per interleaved 
group. 
This number ranges %0001..1111. 

- If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 

%0000 and bits#(3..0) equal %0001. 

If the interleave ratio is not the same for all Image Packs on disc up to and 

including the current Session then: 

- bits#(7..4) equal %0000 

- bits#(3..0) equal %0000 
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Disc Image Pack Resolution Order 


- This field occupies byte#34. 
- Bits#(7..4) indicate the highest Image Pack Resolution Order occurring on the disc. 
- Bits#(3..0) indicate the lowest Image Pack Resolution Order occurring on the disc. 
- The coding of bits#(7..4) and bits#(3..0) is: 

- %0000 means Base resolution 

- %0001 means 4Base resolution 

- %0010 means 16Base resolution 

- %0011..1111 are reserved for future use 


Outermost Lead-out Area Start Time 


- This field occupies bytes#(35..37). 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the outermost Lead-out Area for CD-WO Hybrid discs, or the last Lead-out Area 
for pre-mastered discs. 

- It is BCD coded. 


Number of Sessions on Disc 


- This field occupies byte#38. 

- It contains the number of Sessions on disc up to and including the last recorded 
Session. 

- It is binary coded. 
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Session Descriptor #(1..last) 


- These fields each occupy 68 bytes. Session Descriptor #1 starts at byte #39. 

- There is one Session Descriptor for every Session on the disc. Each Session 
Descriptor lists parameters for every Session on the disc, up to and including the 
last recorded Session. 

The Session Descriptor ordering corresponds to the ordering of the Sessions on the 
disc. 


Image Descriptor #(1..last) 


- These fields each occupy 6 bytes. 

- There is one Image Descriptor for every Image Pack on the disc. Each gives the 
location and information for the Image Pack. 

- The Image Descriptor ordering corresponds to the ordering of the Image Numbers. 
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Structure and entries of a Session Descriptor 


Fig. Ill.8 Structure and entries of a Session Descriptor 
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Number of Image Packs in the Session 


- This field occupies 2 bytes. 

- It contains the number of Image Packs in the Session. 

- It is binary coded. 

- It equals all zeros if no Image Packs are present in the Session. 


Start Time CD-DA 


This field occupies 3 bytes. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the first CD-DA Track in the Session, which is the first position with the new 
Track Number and the Index to the Track Number unequal to zero. 

It is BCD coded. 

- It equals all zeros if no CD-DA Track(s) are present in the Session. 
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Start Time Lead-out Area 


- This field occupies 3 bytes. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the Lead-out Area of the Session. 

- It is BCD coded. 


Writer Vendor Identification 


- This field occupies 8 bytes. 

- It contains the vendor identification of the writer device. 

- It is ISO 646 coded, starting left and padded with blanks. 
- All blanks indicates an undefined field. 


Writer Product Identification 


- This field occupies 16 bytes. 

- It contains the product identification of the writer device. 
- It is ISO 646 coded, starting left and padded with blanks. 
- All blanks indicates an undefined field. 


Writer Firmware Revision Level 


- This field occupies 4 bytes. 

- It contains the writer firmware revision level. 

- It is ISO 646 coded in the format "X.YY", where X denotes the major revision level 
and YY denotes the minor revision level. 

- All blanks indicates an undefined field. 


Writer Firmware Revision Date 


- This field occupies 8 bytes. 

- It contains the writer firmware revision date. 

- It is ISO 646 coded in the format "MM/DD/YY", where MM denotes the month 
(01..12), DD denotes the day (01..31) and YY denotes the last two digits of the year 
(00..99). 

- All blanks indicates an undefined field. 
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Writer Serial Number 


- This field occupies 20 bytes. 

- It identifies the serial number of the writer that recorded the Session. 
- It is ISO 646 coded, starting left and padded with blanks. 

- All blanks indicates an undefined field. 


Session Creation Time and Date 


- This field occupies 4 bytes. 

- It contains a time stamp, corresponding with the actual time when the particular 
Session on the disc is generated. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 
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Structure and entries of an Image Descriptor 


Fig. lll.4 Structure and entries of an Image Descriptor 





Image Pack Start Pointer 





Image Pack Attributes 











Interleaving Ratio 





Image Pack Start Pointer 


- This field occupies 4 bytes. 

- It gives the logical Sector Address (specified as Type 1 addressing in the CD-WO 
System Description) of the first Sector of the Image Pack. 

- It is binary coded. 
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Image Pack Attributes 


This field occupies 1 byte. 

It is coded as follows : 

bit#7 is reserved for future use and provisionally set to %0. 

pisy .5) specify the 4Base Huffman Code Table where : 

The numerical value in this field identifies the Huffman Code Table to be used to 

decode the 4Base ICD. 

The value of bits#(6..5) ranges %00..11, corresponding to the tables for classes 

1..4 respectively. This value is not valid when the 4Base Image Component is 

not present. 

- In addition to this identification, the actual Huffman Code Table to be used is 
listed in the 4Base HCT. 

bit#4 specifies the status of the IPE where : 

- %0 means that the IPE is not present 

- %1 means that the IPE is present 

bits#(3..2) specify the Image Pack Resolution Order where : 

- %00 means highest resolution is Base 

- %01 means highest resolution is 4Base 

- %10 means highest resolution is 16Base 

- %11 is reserved for future use 

bits#(1..0) specify the required image rotation on the display where : 

- %00 means 0 degrees CCW image rotation 

- %01 means + 90 degrees CCW image rotation 

- %10 means +180 degrees CCW image rotation 

- %11 means +270 degrees CCW image rotation 
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Interleaving Ratio 


This field occupies 1 byte. 

An Image Pack consists of contiguous groups of Data Sectors. Within a group, the 

first part consists of a number of contiguous Photo CD Image Pack Data Sectors, 

and the second part consists of a number of contiguous ADPCM Audio Sectors. 

In this field: 

- bits#(7..4) give the number of ADPCM Audio Sectors per group; this number 
ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per group; this 
number ranges %0001..1111. 

If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 

%0000, and bits#(3..0) equal %0001. 

To maintain the fixed interleaving ratio over the entire Image Pack, any remaining 

Data Sector space at the end of the Image Pack is padded with Empty Sectors. 
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2.4 PLAYLIST.PCD File 
2.4.1 General 


The PLAYLIST.PCD file is present if the Session stores predefined Play Sequences 
and/or Selection Options. 


The PLAYLIST.PCD file is used by computer based playback devices. Photo CD 
players use the logically equivalent PSS (Play Sequence and Selection) data (see 
1.3.2). 


The PLAYLIST.PCD file performs the same function as the EXTPLAY.PCD file, but 
does not include ADPCM audio related options. The PLAYLIST.PCD file is intended 
for playback devices without ADPCM audio decoding capabilities. Playback devices 
with ADPCM audio decoding capabilities use the EXTPLAY.PCD file (see III.2.5). 


The PLAYLIST.PCD file may contain one or more of the following 2 types of 
components: 

- Selection Item 

- Play Sequence 


All byte offsets in fields of PLAYLIST.PCD file Entries are referenced from the first 
byte of the PLAYLIST.PCD file. 


The PLAYLIST.PCD file consists of Data Sectors in Mode 2 Form 1. 


The Subheader of all PLAYLIST.PCD Sectors is defined as: 
- File Number equals 4 

- Channel Number equals 0 

- Submode byte equals $08 

- Coding Information byte equals $00 
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2.4.2 Selection Item 


Fig. II.5 Structure and entries of the Selection Item 





Selection Item Header 





Number of Selections 





Previous Action Offset 





Default Action Offset 





Error Action Offset 





Time-out Action Offset 





Reserved Bytes 





Image Entry 





CD-DA Entry 





ADPCM Entry 





Selection Offset #1 





Selection Offset #2 








Selection Offset #last 





Selection Area #1 





Selection Area #2 











Selection Area #last 
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The Selection Item allows selection of Play Sequences and/or Selection Items. It can 
be used to display an image with selection choices and/or play audio to present the 
choices to the user. 


All byte offsets in the following fields are referenced from the first byte of the 
PLAYLIST.PCD file. 


Selection Item Header 


- This field occupies 1 byte. 
- It identifies the item as a Selection Item. 
- It is coded as follows: 
- bits#(7..4) identify the Selection Item and equal %0001 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


Number of Selections 


- This field occupies 2 bytes. 
- It contains the number of Selection Addresses present in the Selection Item. 
- It is binary coded. 


Previous Action Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
the "previous" function. 

- It is binary coded. 

- If this field equals all ones, no operation is required. 


Default Action Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
the "default" function. 

- It is binary coded. 

- If this field equals all ones, no operation is required. 
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Error Action Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
an "error" condition. 

- It is binary coded. 

- If this field equals all ones, no operation is required. 


Time-out Action Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
a "time-out" condition. A "time-out" condition occurs when, after execution of Image 
Entry and/or Audio Entry, no user selection has been made. 

- It is binary coded 

- If this field equals all ones, no operation is required. 


Reserved Bytes 

- This field occupies 22 bytes. 

- These bytes are intended for future use and provisionally set to $00. 
Image Entry 

- This field occupies 16 bytes. 

- For definition see III.2.4.4. 

- If this field equals all ones, no operation is required. 

CD-DA Entry 

- This field occupies 28 bytes. 


- For definition see III.2.4.5. 
- If this field equals all ones, no operation is required. 
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ADPCM Entry 


- This field occupies 24 bytes. 
- This field equals all zeros, and no operation is required (it is only used in the 
EXTPLAY.PCD file). 


Selection Offset #(1..last) 


- Each of these fields occupies 4 bytes. 

- Each field contains the byte offset to a Play Sequence or Selection Item 
corresponding to the selection chosen by the user. 

- The sequence number of the Selection Offset corresponds to the numerical input 
given by the user in making the selection. 

- The fields are binary coded. 

- If this field equals all ones, no operation is required. 


Selection Area #(1..last) 


- Each of these fields occupies 4 bytes. 

- Each field contains the upper-left and lower-right coordinates of a rectangular region 
corresponding to the associated Selection Offset. The rectangular regions are all 
non-overlapping. 

- Ifthe associated Selection Offset field equals all zeros, the Selection Area field also 
equals all zeros. 

- Each field is coded as follows : 

- the first byte is the upper-left X-coordinate 

- the second byte is the upper-left Y-coordinate 
- the third byte is the lower-right X-coordinate 

- the fourth byte is the lower-right Y-coordinate 

- The X- and Y-coordinates give the offset from the reference (top-left) pixel. The 
X-axis is the longer axis and the Y-axis is the shorter axis. The reference pixel, the 
X-axis and the Y-axis are defined in IV.2.3 "Spatial Relationship of Pixels" as Yoo, 
the dimension 0..k and the dimension 0..r respectively. 

- The X- and Y-coordinates are binary coded and give the percentage offset. The 
value 0 means no offset and the value 255 means 100% offset, indicating the most 
distant pixel along that axis. 
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Fig. Ill.6 Examples of X- and Y-coordinates 














A, B, C, D and E denote pixels on the original image in the positions shown. 


A (top-left) : X-coordinate = 0 
Y-coordinate = 0 
B (top-right) : X-coordinate = 255 


Y-coordinate = 0 


C (center) : X-coordinate = 127 or 128 
Y-coordinate = 127 or 128 

D (bottom-left) : X-coordinate= 0 
Y-coordinate = 255 

E (bottom-right) : X-coordinate = 255 
Y-coordinate = 255 


- Thus, the displayed rectangular regions are influenced by magnification, panning 
and rotation. 
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2.4.3 Play Sequence 


Fig. lll.7 Structure and entries of the Play Sequence 





Play Sequence Header 





Number of Image Entries 





Offset to Sequence Entry #last 
Backward Link Offset 
Forward Link Offset 











Reserved Bytes 





Offset to Image Entry #1 





Offset to Image Entry #2 








Offset to Image Entry #last 





Sequence Entry #1 





Sequence Entry #2 














Sequence Entry #last 





The Play Sequence specifies images and audio to be played, along with their 
attributes. 


The Play Sequence Entries are stored in the order of the normal desired playback 
sequence. 


All byte offsets in the following fields are referenced from the first byte of the 
PLAYLIST.PCD file. 
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Play Sequence Header 


- This field occupies 1 byte. 
- It identifies the Play Sequence. 
- The field is coded as follows: 
- bits#(7..4) identify the Play Sequence and equal %0010 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


Number of Image Entries 


- This field occupies 2 bytes. 
- It contains the number of Image Entries that are present in the Play Sequence. 
- It is binary coded. 


Offset to Sequence Entry #last 


- This field occupies 4 bytes. 
- It contains the byte offset of the first byte of the Sequence Entry #last. 
- It is binary coded. 


Backward Link Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
the "backward exit" of the Play Sequence. 

- It is binary coded. 

- If this field equals all ones, no operation is required. 


Forward Link Offset 


- This field occupies 4 bytes. 

- It contains the byte offset to a Play Sequence or Selection Item corresponding to 
the "forward exit" of the Play Sequence. 

- It is binary coded. 

- If this field equals all ones, no operation is required. 
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Reserved Bytes 


- This field occupies 25 bytes. 
- These bytes are intended for future use and provisionally set to $00. 


Offset to Image Entry #(1..last) 


- These fields each occupy 4 bytes. 

- Each field contains the byte offset to the first byte of the corresponding Image Entry 
#(1..last). 

- It is binary coded. 


Sequence Entry #(1..last) 


- An Sequence Entry is one of the following 2 types of Entries: 
- Image Entry: This specifies the image to be displayed, along with its attributes 
(see 2.4.4). 
- CD-DA Entry: This specifies the CD-DA clip to be played (see 2.4.5). 
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2.4.4 Image Entry 


Fig. Ill.8 Structure and entries of the Image Entry 





Image Entry Header 





Interleaving Ratio 





Image Pack Number 





Image Resolution Selection 





Image Delay Time 





Image Magnification Panning 





Image Magnification Factor 





Image Display Offset 





Image Transition Descriptor 











Reserved Bytes 





All byte offsets in the following fields are referenced from the first byte of the 
PLAYLIST.PCD file. 


Image Entry Header 


- This field occupies 1 byte. 
- It identifies the Image Entry and also contains attributes concerning the image 
described in the entry. 
- The field is coded as follows: 
- bits#(7..4) identify the Image Entry Header and equal %001 1 
- bits#(3..2) are reserved for future use and are provisionally set to %00 
- bits#(1..0) give the required image rotation on the display, where: 
- %00 means 0 degrees CCW image rotation 
- %01 means + 90 degrees CCW image rotation 
- %10 means +180 degrees CCW image rotation 
- %11 means +270 degrees CCW image rotation 





Copyright CONFIDENTIAL IIl-28 
January 1992 


System Description Photo CD 


Chapter III Data Retrieval Structure 


2 File System 





Interleaving Ratio 


This field occupies 1 byte. 

The interleaving ratio is fixed over an entire Image Pack. 

An Image Pack consists of contiguous groups of Data Sectors. Within a group, the 

first part consists of a number of contiguous Photo CD Image Pack Data Sectors, 

and the second part consists of a number of ADPCM Audio Sectors of other types. 

In this field: 

- bits#(7..4) give the number of ADPCM Audio Sectors per group; this number 
ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per group; this 
number ranges %0001..1111. 

- If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 
%0000, and bits#(3..0) equal %0001. 

To maintain the fixed interleaving ratio over the entire Image Pack, any remaining 

Data Sector space at the end of the Image Pack is padded with Empty Sectors. 


Image Pack Number 


This field occupies 2 bytes. 
It contains the Image Number of the corresponding Image pack. 
It is binary coded. 





Copyright CONFIDENTIAL I-29 
January 1992 


System Description Photo CD 


Chapter III Data Retrieval Structure 


Ill.2 File System 





Image Resolution Selection 


This field occupies 1 byte. 
It contains the designer’s recommendation for the Image Component of the Image 
Pack to be used at playback. This is basically a compromise between low 
resolution with short loading time and high resolution with long loading time, and 
can be playback speed dependent. 
The field is coded as follows: 
- bits#(7..4) are reserved for future use and are provisionally set to %0000 
- If bit#3 is %1, indicating that the image loading time is most important, then the 

preferred Image Component to be used is given in bits#(2..0), where: 

- %000 is reserved for future use 

- %001 means Base/16 

- %010 means Base/4 

- %011 means Base 

- %100 means 4Base 

- %101 means 16Base 

- %110 is reserved for future use 

- %111 is reserved for future use 
If bit#3 is %0, indicating that the image resolution to be used is playback-speed 
dependent, then the preferred Image Component to be used at normal playback 
speed (150 Kbytes per second data transfer rate) is coded in bits#(2..0) as given 
above. For higher playback speeds, higher Image Component resolutions are to 
be used, so that the resulting image loading time is more or less equal to the image 
loading time at normal speed. 


Image Delay Time 


This field occupies 1 byte. 
It gives the time delay from the complete display of the image to the start of the 
next Entry to be executed. 
The delay time is given by: 





when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 
when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 
when bits#(7..0) = %11111111 then: 
time = infinite 
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Image Magnification Panning 


This field occupies 2 bytes. 

The first byte gives the X-coordinate and the second byte gives the Y-coordinate. 
These coordinates determine the center point of the part of the image to be 
magnified. This part is rectangular with the same aspect ratio as the complete 
image. 

The X- and Y-coordinates are specified in the Selection Area #(1..last) field in 
1.2.4.2. 


Image Magnification Factor 


This field occupies 1 byte. 
It contains the linear magnification factor for the part of the image to be magnified. 
The magnification factor is given by: 
magnification factor = [(field value) + 1] / 16, thus ranging 1/16..16 in increments 
of 1/16. It is binary coded. 
For magnification factors = 1, the image or magnified part of the image optimally fills 
the full width and/or height of the normal display area. 
For magnification factors < 1, the image is reduced in size. In this case, the full 
width and height of the normal display area are not filled. 


Image Display Offset 


This field occupies 2 bytes. 

The first byte gives the X-coordinate and the second byte gives the Y-coordinate. 
These coordinates determine the pixel coordinate on the normal display area on 
which the center pixel of the displayed image will be placed. The displayed image 
is the image after rotation and magnification. 

The reference pixel and X- and Y- coordinates are defined identically to those in the 
Image Magnification Panning field, except that they refer to the normal display area 
instead of to the image itself. 





Copyright CONFIDENTIAL I-31 
January 1992 


System Description Photo CD 
Chapter III Data Retrieval Structure 


Ill.2 File System 





Image Transition Descriptor 


- This field occupies 1 byte. 
- It contains the designer’s recommendation for the type of transition to be used at 
playback in showing the image. 
- This field is coded as follows : 
- $00 means a cut 
- $01 means a cross-fade 
- $02 means a random fade 
- $03 means a bottom-to-top wipe 
- $04 means a top-to-bottom wipe 
- $05 means a left-to-right wipe 
- $06 means a right-to-left wipe 
- $07..FF are reserved for future use 


Reserved Bytes 


- This field occupies 4 bytes. 
- These bytes are intended for future use and provisionally set to $00. 
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2.4.5 CD-DA Entry 


Fig. II.9 Structure and entries of the CD-DA Entry 





CD-DA Entry Header 
CD-DA Start Pointer 
CD-DA Stop Pointer 
CD-DA Delay Time 
CD-DA File Number 
CD-DA Start Offset 
CD-DA Stop Offset 


Reserved Bytes 
































All byte offsets in the following fields are referenced from the first byte of the 
PLAYLIST.PCD file. 


CD-DA Entry Header 


- This field occupies 1 byte. 
- It identifies the CD-DA Entry. 
- The field is coded as follows: 
- bits#(7..4) identify the CD-DA Entry and equal %0100 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


CD-DA Start Pointer 


- This field occupies 3 bytes. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) of the start 
pointer of a CD-DA Clip to be played. 

- It is BCD coded. 
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CD-DA Stop Pointer 


- This field occupies 3 bytes. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) of the stop 
pointer of a CD-DA Clip to be played. 

- It is BCD coded. 


CD-DA Delay Time 


- This field occupies 1 byte. 

- It gives the time delay from the complete play of the CD-DA Clip to the start of the 
next Entry to be executed. 

- The delay time is given by: 


when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 

when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 

when bits#(7..0) = %11111111 then: 
time = infinite 


CD-DA File Number 


- This field ocupies 1 byte. 
- It gives the nn value of the AUDIOnn.PCD file that contains the CD-DA clip. 
- It is binary coded. 


CD-DA Start Offset 


- This field occupies 4 bytes. 

- It gives the byte offset to the start of the CD-DA clip in the AUDIOnn.PCD file that 
contains the CD-DA clip. 

- It is binary coded. 


CD-DA Stop Offset 


- This field occupies 4 bytes. 

- It gives the byte offset to the end of the CD-DA clip in the AUDIOnn.PCD file that 
contains the CD-DA clip. 

- It is binary coded. 
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Reserved Bytes 


- This field occupies 11 bytes. 
- These bytes are intended for future use and provisionally set to $00. 
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2.5 EXTPLAY.PCD File 
2.5.1 General 


The EXTPLAY.PCD file is present if the Session stores predefined extended Play 
Sequences and/or Selection Options. 


The EXTPLAY.PCD file is used by computer based playback devices. Photo CD 
players use the logically equivalent EPSS (Extended Play Sequence and Selection) 
data (see III.3.3). 


The EXTPLAY.PCD file performs the same function as the PLAYLIST.PCD file, but it 
can also include ADPCM audio related options. The EXTPLAY.PCD file is intended 
for playback devices with ADPCM audio decoding capabilities. Playback devices 
without ADPCM audio decoding capabilities use the PLAYLIST.PCD file (see III.2.4). 
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2.5.2 Structure and entries of the EXTPLAY.PCD file 


The EXTPLAY.PCD file structure and entries (but not necessarily the data contents) 
are identical to those of the PLAYLIST.PCD file except that : 
- The Subheader File Number equals 5. 
- A Sequence Entry is one of the 3 following types of Entries : 
- Image Entry (see III.2.4.4). 
- CD-DA Entry (see III.2.4.5). 
- ADPCM Entry (see III.2.5.3). 
- All byte offsets in fields of EXTPLAY.PCD file Entries are referenced from the first 
byte of the EXTPLAY.PCD file. 
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2.5.3 ADPCM Entry 


Fig. Ill.10 Structure and entries of the ADPCM Entry 





ADPCM Entry Header 
ADPCM Start Pointer 
ADPCM Stop Pointer 
ADPCM File Number 
ADPCM Channel Number 
ADPCM Coding Information 
ADPCM Delay Time 
ADPCM File Sequence 
ADPCM Stop Offset 



































Reserved Bytes 





All byte offsets in the following fields are referenced from the first byte of the 
EXTPLAY.PCD file. 


ADPCM Entry Header 


- This field occupies 1 byte. 
- It identifies the ADPCM Entry. 
- The field is coded as follows: 
- Bits#(7..4) identify the ADPCM Entry and equal %0101 
- Bits#(3..0) are reserved for future use and are provisionally set to %0000. 


ADPCM Start Pointer 


- This field occupies 3 bytes. 

- It contains the Header Address of the first Sector of the ADPCM Sequence to be 
played. 

- It is BCD coded. 
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ADPCM Stop Pointer 


- This field occupies 3 bytes. 

- It contains the Header Address of the last Sector of the ADPCM Sequence to be 
played. 

- It is BCD coded. 


ADPCM File Number 


- This field occupies 1 byte. 
- It contains a copy of the Subheader File Number of the ADPCM Sequence. 
- It is binary coded. 


ADPCM Channel Number 


- This field occupies 1 byte. 

- It specifies the Subheader Channel Number that is to be selected from the ADPCM 
Sequence. 

- ADPCM Channel Numbers (0..15) are binary coded. 


ADPCM Coding Information 


- This field occupies 1 byte. 

- It contains a copy of the Subheader Coding Information byte of the specified 
Channel Number of the ADPCM Sequence. 

- Coding as in CD-ROM XA (ADPCM Audio Sectors). 


ADPCM Delay Time 


- This field occupies 1 byte. 

- It gives the time delay from the complete play of the ADPCM Sequence to the start 
of the next Entry to be executed. 

The delay time is given by: 





when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 
when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 
when bits#(7..0) = %11111111 then: 
time = infinite 
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ADPCM File Sequence 


- This field occupies 2 bytes. 

- It gives the nnnnn value of the SEQnnnnn.PCD file in the ADPCM directory that 
contains the ADPCM Sequence. 

- It is binary coded. 


ADPCM Stop Offset 

- This field occupies 4 bytes. 

- It gives the byte offset to the last byte in the ADPCM Sequence in the 
SEQnnnnn.PCD file to be played. 

- It is binary coded. 


Reserved Bytes 


- This field occupies 7 bytes. 
- These bytes are intended for future use and provisionally set to $00. 
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Ill.3 Microcontroller Readable Sectors System 


3.1 Index Table 
3.1.1 General 


The Index Table contains the data needed by simple microcontroller based playback 
systems, such as the Photo CD player, to access the data on disc. 


An Index Table is compiled for every Session. It describes the latest and all previous 
Sessions on the disc. 


Index Table Sectors are structured to conform to the Microcontroller Readable Sectors 
(MRS) format. Their Subheader File Number is 3; their Subheader Channel Number 
is 0. 


Index Table Sectors are written in groups of 8 physical Sectors. The contents of the 
first, second, third and fourth physical Sector of each group equals the contents of the 
fifth, sixth, seventh and eighth physical Sector respectively. This improves protection 
against physical disc errors. 


The first (or last) 4 physical Sectors within a group are referred to as logical Index 
Table Sectors. 


Unused physical Sectors within a group are padded with Zero Index Sectors (see 
II1.3.4). 


The Index Table contains the following components: 
- DDT (Disc Description Table) 

- IPT (Image Pointer Table) 

- ZIS (Zero Index Sectors) 


All the Index Table components are Sector aligned. 


The logical Sectors within a component are contiguous, in incremental order of their 
MRS Sequence Numbers. 
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3.1.2 Disc Description Table 


The Disc Description Table (DDT) contains information specific to the Photo CD disc. 
It describes the whole disc, from the beginning of the first Session to the end of the 
last recorded Session. It is similar in contents to the INFO.PCD file in the File System, 
but is intended for simple microcontroller based playback systems, such as the Photo 
CD. 


The DDT is the first component in the Index Table and occupies 1 logical Index Table 
Sector. 


The DDT MRS Type Identifier is 1, and its MRS Sequence Number is 0. 
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Disc Signature 


Fig. ll.11 


Structure and entries of the DDT 





Disc Signature 





Specification Version Number 





Disc Serial Number 





Disc Creation Time and Date 





Disc Modification Time and Date 





Number of Image Packs on the Disc 





Disc Interleave Ratio 





Disc Image Pack Resolution Order 





Overview Pack Start Time 





Startup Image Start Time 





Index Continuation Start Time 





PSS Start Time 





EPSS Start Time 





Outermost Lead-out Area Start Time 





Number of Sessions of Disc 





Session Descriptor #1 





Session Descriptor #2 











Session Descriptor #last 








- This field occupies NBYTES#(1..8). 
- It contains "PHOTO_CD" coded in ISO 646. 
- This identifies the disc as a Photo CD disc. 
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Specification Version Number 


- This field occupies NBYTES#(9..10). 

- It gives the version number of the specification 

- It is binary coded. The most significant byte gives the major version number (the 
number before the decimal point), the least significant byte gives the minor version 
number (the number after the decimal point). The decimal point itself is not coded. 

- The Specification Version Number is also stored in the INFO.PCD file (see III.2.3), 
in the IPA (see IV.3.5.1) and in the OPA (see IV.4.4). 


Disc Serial Number 


- This field occupies NBYTES#(11..15). 

- It contains the Disc Serial Number. This has the same contents as the Disc Serial 
Number field of the INFO.PCD file (see III.2.3), but is coded in binary. It is 
recommended that the Disc Serial Number be equal to the serial number as printed 
on the disc. 

- The combination of this field with the next field (Disc Creation Time and Date) is 
recommended to uniquely identify the disc. 


Disc Creation Time and Date 


- This field occupies NBYTES#(16..19). 

- It contains a time stamp, corresponding with the actual time when the first Session 
on the disc is generated. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 

- The combination of the previous field (Disc Serial Number) with this field is 
recommended to uniquely identify the disc. 


Disc Modification Time and Date 


- This field occupies NBYTES#(20..23). 

- It contains a time stamp, corresponding with the actual time when the disc is 
updated, i.e. when the last recorded Session on the disc is generated. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 


Number of Image Packs on the Disc 
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- This field occupies NBYTES#(24..25). 
- It gives the number of Image Packs on the disc. 
- It is binary coded. 


Disc Interleave Ratio 


This field occupies NBYTE#26. 

It contains information about the interleave ratio for the Image Packs on the disc. 

If the interleave ratio is the same for all the Image Packs on the disc up to and 

including the last recorded Session then: 

- bits#(7..4) give the number of ADPCM Audio Sectors per interleaved group. 
This number ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per interleaved 
group. 
This number ranges %0001..1111. 

If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 

%0000 and bits#(3..0) equal %0001. 

If the interleave ratio is not the same for all Image Packs on disc up to and 

including the last recorded Session then: 

- bits#(7..4) equal %0000 

- bits#(3..0) equal %0000 


Disc Image Pack Resolution Order 


This field occupies NBYTE#27. 

Bits#(7..4) indicate the highest Image Pack Resolution Order occurring on disc. 
Bits#(3..0) indicate the lowest Image Pack Resolution Order occurring on disc. 
The coding of bits#(7..4) and bits#(3..0) is: 

- %0000 means Base resolution 

- %0001 means 4Base resolution 

-%0010 means 16Base resolution 

- %0011..1111 are reserved for future use 





Copyright CONFIDENTIAL I-45 
January 1992 


System Description Photo CD 
Chapter III Data Retrieval Structure 


IIl.38 Microcontroller Readable Sectors System 





Overview Pack Start Time 


- This field occupies NBYTES#(28..30). 

- It contains the Header address of the first Sector of the Overview Pack of the last 
recorded Session. 

- It is BCD coded. 


Startup Image Start Time 


- This field occupies NBYTES#(31..33). 

- It contains the Header address of the first Sector of the Startup Image. 
- It is BCD coded. 

- This field equals all zeros if the disc has no Startup Image. 


Index Continuation Start Time 


- This field occupies NBYTES#(34..36). 

- It contains the Header address of the first Sector of the Index Table Continuation 
of the last recorded Session. 

- It is BCD coded. 

- It equals all zeros if no Index Table Continuation exists for the Session. 


PSS Start Time 


- This field occupies NBYTES#(37..39). 

- It contains the Header address of the first Sector of the Play Sequence and 
Selection component of the last recorded Session. 

- It is BCD coded. 

- This field equals all zeros if no PSS exists in the Session. 


EPSS Start Time 


- This field occupies NBYTES#(40..42). 

- It contains the Header address of the first Sector of the Extended Play Sequence 
and Selection component of the last recorded Session. 

- It is BCD coded. 

- This field equals all zeros if no EPSS exists in the Session. 
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Outermost Lead-out Area Start Time 


- This field occupies NBYTES#(43..45). 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the outermost Lead-out Area for CD-WO Hybrid discs, or the last Lead-out Area 
for pre-mastered discs. 

- It is BCD coded. 


Number of Sessions on Disc 


- This field occupies NBYTE#46. 

- It contains the number of Sessions on the disc up to and including the last recorded 
Session. 

- It is binary coded. 


Session Descriptor #(1..last) 


- These fields each occupy 8 NBYTES. Session Descriptor #1 starts at NBYTE #47. 

- There is one Session Descriptor for every Session on the disc. Each lists the 
parameters for every Session on the disc, up to and including the last recorded 
Session. 

- The Session Descriptor ordering corresponds to the ordering of the Sessions on the 
disc. 
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Structure and entries of a Session Descriptor 


Fig. Ill.12 Structure and entries of a Session Descriptor 





Number of Image Packs in the Session 
Start Time CD-DA 














Start Time Lead-out Area 





Number of Image Packs in the Session 


- This field occupies 2 NBYTES. 

- It contains the number of Image Packs in the Session. 

- It is binary coded. 

- It equals all zeros if no Images Packs are present in the Session. 


Start Time CD-DA 


- This field occupies 3 NBYTES. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the first CD-DA Track in the Session, which is the first position with the new 
Track Number and with the Index to the Track Number unequal to zero. 

- It is BCD coded. 

- It equals all zeros if no CD-DA Track(s) are present in the Session. 


Start Time Lead-out Area 


- This field occupies 3 NBYTES. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) for the start 
of the Lead-out Area of the Session. 

- It is BCD coded. 
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3.1.3 Image Pointer Table 

The Image Pointer Table (IPT) component contains pointers to the start of every 
Image Pack on the disc, from the beginning of the first Session to the end of the last 
recorded Session. 

The IPT immediately follows the Disc Description Table, and thus starts at the 
beginning of the second logical Sector of the Index Table. All IPT Sectors are logically 
contiguous. 


The IPT MRS Type Identifier is 2, and its MRS Sequence Number ranges 0..6. 


Fig. Ill.13 Structure and entries of the IPT 





Start Time Image Pack #1 





Start Time Image Pack #2 








Start Time Image Pack #last 











Start Time Image Pack #(1..last) 


Each of these fields occupies 3 NBYTES. 

Each contains the Header address of the first Sector of the corresponding Image 
Pack with Image Number#(1..last) respectively. 

There are as many fields in this table as there are Image Packs on the disc up to 
and including the last recorded Session. 

They are BCD coded. 
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3.1.4 Zero Index Sectors 


Zero Index Sectors (ZIS) are present only when unused physical Sectors in a group 
of 8 Index Table Sectors need to be padded. 


The ZIS MRS Type Identifier is 0, the MRS Sequence Number is 0, and the MRS 
Number of Data NBYTES is 0. 
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IIl.3.2 Play Sequence and Selection 


3.2.1 General 


The Play Sequence and Selection (PSS) is present if the Session stores predefined 
Play Sequences and/or Selection Options. 


The PSS is used by Photo CD players only. Computer based playback devices use 
the logically equivalent data in the PLAYLIST.PCD file in the File System (see III.2.4). 


The PSS performs the same function as the EPSS, but does not include ADPCM 
audio related options. The PSS is intended for playback devices without ADPCM 
audio decoding capabilities. Playback devices with ADPCM audio decoding 
capabilities use the EPSS (see III.3.3). 


PSS Sectors are structured to conform to the Microcontroller Readable Sectors (MRS) 
format. 


The PSS starts at the Header address given in the PSS Start Time field of the DDT. 
All Sectors in the PSS are contiguous. 


The MRS Type Identifier and the MRS Sequence Number form the PSS Sector 
Sequence Number. PSS Sector Sequence Numbers range $0100..FFFF, with the 
most significant byte stored in the MRS Type Identifier and the least significant byte 
stored in the MRS Sequence Number. 


The PSS may contain one or more of the following 2 types of components: 
- Selection Item 
- Play Sequence 


The PSS consists of Data Sectors in Mode 2 Form 1. 


The Subheader of all PSS Sectors is defined as: 
- File Number equals 4 

- Channel Number equals 0 

- Submode byte equals $08 

- Coding Information byte equals $00 
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3.2.2 Selection Item 


Fig. Ill.14 Structure and entries of the Selection Item 





Selection Item Header 





Number of Selections 





Previous Action Address 





Default Action Address 





Error Action Address 





Time-out Action Address 





Reserved Bytes 





Image Entry 





CD-DA Entry 





ADPCM Entry 





Selection Address #1 





Selection Address #2 








Selection Address #last 





Selection Area #1 





Selection Area #2 











Selection Area #last 
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The Selection Item is MRS aligned. It starts with PSS Sector Number $0100 and 
increments by 1 for every following MRS of the Selection Item. 


The Selection Item allows selection of Play Sequences and/or Selection Items. It can 
can be used to display an image with selection choices and/or play audio to present 
the choices to the user. 


Selection Item Header 


- This field occupies NBYTE#1. 
- It identifies the item as a Selection Item. 
- It is coded as follows: 
- bits#(7..4) identify the Selection Item and equal %0001 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


Number of Selections 


- This field occupies NBYTES#(2..3). 
- It contains the number of Selection Addresses present in the Selection Item. 
- It is binary coded. 


Previous Action Address 


- This field occupies NBYTES#(4..6). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to the "previous" function. 

- It is BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 
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Default Action Address 


- This field occupies NBYTES#(7..9). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to the "default" function. 

- It is BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 


Error Action Address 


- This field occupies NBYTES#(10..12). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to an "error" condition. 

- It is BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 


Time-out Action Address 


- This field occupies NBYTES#(13..15). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to a "time-out" condition. A "time-out" condition occurs when, 
after execution of Image Entry and/or Audio Entry, no user selection has been 
made. 

- It is BCD coded 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 


Reserved Bytes 


- This field occupies NBYTES#(16..32). 
- These bytes are intended for future use and provisionally set to $00. 
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Image Entry 


- This field occupies NBYTES#(33..48). 
- For definition see III.3.2.4. 
- If this field equals all zeros, no operation is required. 


CD-DA Entry 


- This field occupies NBYTES#(49..64). 
- For definition see III.3.2.5. 
- If this field equals all zeros, no operation is required. 


ADPCM Entry 


- This field occupies Nbytes# (65..96). 
- This field equals all zeros, and no operation is required (it is only used in the 
EPSS). 


Selection Address #(1..last) 


- Each of these fields occupies 3 NBYTES. 

- Each field contains the Header address of the first Sector of a Play Sequence or 
Selection Item corresponding to the selection chosen by the user. 

- The sequence number of the Selection Address corresponds to the numerical input 
given by the user in making the selection. 

- The fields are BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 
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Selection Area #(1..last) 


Each of these fields occupies 4 NBYTES. 

Each field contains the upper-left and lower-right coordinates of a rectangular region 
corresponding to the associated Selection Address. The rectangular regions are all 
non-overlapping. 

If the associated Selection Address field equals all zeros, the Selection Area field 
also equals all zeros. 

Each field is coded as follows : 

- the first Nbyte is the upper-left X-coordinate 

- the second Nbyte is the upper-left Y-coordinate 

- the third Nbyte is the lower-right X-coordinate 

- the fourth Nbyte is the lower-right Y-coordinate 

The X- and Y-coordinates give the offset from the reference (top-left) pixel. The X- 
axis is the longer axis and the Y-axis is the shorter axis. The reference pixel, the 
X-axis and the Y-axis are defined in IV.2.3 "Spatial Relationship of Pixels" as Y, ,, 
the dimension 0..k and the dimension 0..r respectively. 

The X- and Y-coordinates are binary coded and give the percentage offset. The 
value 0 means no offset and the value 255 means 100% offset, indicating the most 
distant pixel along that axis. 


Fig. Ill.15 Examples of X- and Y-coordinates 
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A, B, C, D and E denote pixels on the original image in the positions shown. 


A (top-left) : X-coordinate = 0 
Y-coordinate = 0 
B (top-right) : X-coordinate = 255 


Y-coordinate = 0 


C (center) : X-coordinate = 127 or 128 
Y-coordinate = 127 or 128 

D (bottom-left) : X-coordinate= 0 
Y-coordinate = 255 

E (bottom-right) : X-coordinate = 255 
Y-coordinate = 255 


- Thus, the displayed rectangular regions are influenced by magnification, panning 
and rotation. 
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3.2.3 Play Sequence 


Fig. Ill.16 Structure and entries of the Play Sequence 





Play Sequence Header 





Number of Image Entries 





Pointer to Sequence Entry #last 
Backward Link Address 
Forward Link Address 











Reserved Bytes 





Pointer to Image Entry #1 





Pointer to Image Entry #2 








Pointer to Image Entry #last 





Sequence Entry #1 





Sequence Entry #2 














Sequence Entry #last 





The Play Sequence is MRS Sector aligned. It starts with PSS Sector Number $0100 
and increments by 1 for every following MRS of the Play Sequence. 


It specifies images and audio to be played, along with their attributes. 


The Play Sequence Entries are stored in the order of the normal desired playback 
sequence. 
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Play Sequence Header 


- This field occupies NBYTE#1. 
- It identifies the Play Sequence. 
- The field is coded as follows: 
- bits#(7..4) identify the Play Sequence and equal %0010 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


Number of Image Entries 


- This field occupies NBYTES#(2..3). 
- It contains the number of Image Entries that are present in the Play Sequence. 
- It is binary coded. 


Pointer to Sequence Entry #last 


- This field occupies NBYTES#(4..7). 
- This field contains the Header address plus NBYTE offset of the first NBYTE of the 
Sequence Entry #last. 
- The coding of this field is as follows: 
- the first 3 NBYTES give the Header address of the Sector that contains the first 
NBYTE of the Sequence Entry #last. It is BCD coded. 
- the fourth NBYTE gives the offset in NBYTES from MRS Data NBYTE #1 (see 
Il.4) to the first NBYTE of the Sequence Entry #last, divided by 2. It is binary 
coded. It ranges 0..247, pointing to NBYTES 1..495. 


Backward Link Address 


- This field occupies NBYTES#(8..10). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to the "backward exit" of the Play Sequence. 

- It is BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 
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Forward Link Address 


- This field occupies NBYTES#(11..13). 

- It contains the Header address of the first Sector of a Play Sequence or Selection 
Item corresponding to the "forward exit" of the Play Sequence. 

- It is BCD coded. 

- If this address is identical to the address specified in the PSS Start Time field in the 
DDT, this field equals all ones. 

- If this field equals all zeros, no operation is required. 


Reserved Bytes 


- This field occupies NBYTES#(14..32). 
- These bytes are intended for future use and provisionally set to $00. 


Pointer to Image Entry #(1..last) 


- These fields each occupy 4 NBYTES. 
- Each field contains the Header address plus NBYTE offset of the first NBYTE of the 
corresponding Image Entry #(1..last). 
- The coding of each of these fields is as follows: 
- the first 3 NBYTES give the Header address of the Sector that contains the first 
NBYTE of the corresponding Image Entry. It is BCD coded. 
- the fourth NBYTE gives the offset in NBYTES from the MRS Data NBYTE #1 
(see II.4) to the first NBYTE of the corresponding Image Entry, divided by 2. It 
is binary coded. It ranges 0..247, pointing to NBYTES 1..495. 


Sequence Entry #(1..last) 


- These fields each occupy 16 NBYTES. 
- An Sequence Entry is one of the following 2 types of Entries: 
- Image Entry: This specifies the image to be displayed, along with its attributes 
(see III.3.2.4). 
- CD-DA Entry: This specifies the CD-DA clip to be played (see III.3.2.5). 
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3.2.4 Image Entry 


Fig. lll.17 Structure and entries of the Image Entry 





Image Entry Header 





Interleaving Ratio 





Image Start Address 





Image Resolution Selection 





Image Delay Time 





Image Magnification Panning 





Image Magnification Factor 





Image Display Offset 





Image Transition Descriptor 











Reserved Bytes 





Image Entry Header 


- This field occupies 1 NBYTE. 
- It identifies the Image Entry and also contains attributes concerning the image 
described in the entry. 
- The field is coded as follows: 
- bits#(7..4) identify the Image Entry Header and equal %001 1 
- bits#(3..2) are reserved for future use and are provisionally set to %00 
- bits#(1..0) give the required image rotation on the display, where: 
- %00 means 0 degrees CCW image rotation 
- %01 means + 90 degrees CCW image rotation 
- %10 means +180 degrees CCW image rotation 
- %11 means +270 degrees CCW image rotation 
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Interleaving Ratio 


This field occupies 1 NBYTE. 

The interleaving ratio is fixed over an entire Image Pack. 

An Image Pack consists of contiguous groups of Data Sectors. Within a group, the 

first part consists of a number of contiguous Photo CD Image Pack Data Sectors, 

and the second part consists of a number of contiguous ADPCM Audio Sectors. 

In this field: 

- bits#(7..4) give the number of ADPCM Audio Sectors per group; this number 
ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per group; this 
number ranges %0001..1111. 

If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 

%0000, and bits#(3..0) equal %0001. 

To maintain the fixed interleaving ratio over the entire Image Pack, any remaining 

Data Sector space at the end of the Image Pack is padded with Empty Sectors. 


Image Start Address 


This field occupies 3 NBYTES. 
It contains the Header address of the first Sector of the Image Pack to be displayed. 
It is BCD coded. 
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Image Resolution Selection 


- This field occupies 1 NBYTE. 

- It contains the designer's recommendation for the Image Component of the Image 
Pack to be used at playback. This is basically a compromise between low 
resolution with short loading time and high resolution with long loading time, and 
can be playback speed dependent. 

- The field is coded as follows: 

- bits#(7..4) are reserved for future use and are provisionally set to %0000 
- if bit#3 is %1, indicating that the image loading time is most important, then the 

preferred Image Component to be used is given in bits#(2..0), where: 
- %000 is reserved for future use 
- %001 means Base/16 
- %010 means Base/4 
- %011 means Base 
- %100 means 4Base 
- %101 means 16Base 
- %110 is reserved for future use 
- %111 is reserved for future use 
if bit#3 is %0, indicating that the image resolution to be used is playback-speed 
dependent, then the preferred Image Component to be used at normal playback 
speed (150 Kbytes per second data transfer rate) is coded in bits#(2..0) as given 
above. For higher playback speeds, higher Image Component resolutions are to 
be used, so that the resulting image loading time is more or less equal to the 
image loading time at normal speed. 


Image Delay Time 


- This field occupies 1 NBYTE. 

- It gives the time delay from the complete display of the image to the next Entry to 
be executed. 

- The delay time is given by: 





when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 
when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 
when bits#(7..0) = %11111111 then: 
time = infinite 
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Image Magnification Panning 


This field occupies 2 NBYTES. 

The first NBYTE gives the X-coordinate and the second NBYTE gives the Y- 
coordinate. These coordinates determine the center point of the part of the image 
to be magnified. This part is rectangular with the same aspect ratio as the complete 
image. 

The X- and Y- coordinates are specified in the Selection Area #(1..last) field in 
HI.3.2.2. 


Image Magnification Factor 


This field occupies 1 NBYTE. 
It contains the linear magnification factor for the part of the image to be magnified. 
The magnification factor is given by: 
magnification factor = [(field value) + 1] / 16, thus ranging 1/16..16 in increments 
of 1/16. It is binary coded. 
For magnification factors = 1, the image or magnified part of the image optimally fills 
the full width and/or height of the normal display area. 
For magnification factors < 1, the image is reduced in size. In this case, the full 
width and height of the normal display area are not filled. 


Image Display Offset 


This field occupies 2 NBYTES. 

The first NBYTE gives the X-coordinate and the second NBYTE gives the Y- 
coordinate. These coordinates determine the pixel coordinate on the normal display 
area on which the center pixel of the displayed image will be placed. The displayed 
image is the image after rotation and magnification. 

The reference pixel and X- and Y-coordinates are defined identically to those in the 
Image Magnification Panning field, except that they refer to the normal display area 
instead of to the image itself. 
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Image Transition Descriptor 


- This field occupies 1 NBYTE. 
- It contains the designer’s recommendation for the type of transition to be used at 
playback in showing the image. 
- This field is coded as follows : 
- $00 means a cut 
- $01 means a cross-fade 
- $02 means a random fade 
- $03 means a bottom-to-top wipe 
- $04 means a top-to-bottom wipe 
- $05 means a left-to-right wipe 
- $06 means a right-to-left wipe 
- $07..FF are reserved for future use 


Reserved Bytes 


- This field occupies 3 NBYTES. 
- These bytes are intended for future use and provisionally set to $00. 
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3.2.5 CD-DA Entry 


Fig. Ill.18 Structure and entries of the CD-DA Entry 





CD-DA Entry Header 
CD-DA Start Pointer 
CD-DA Stop Pointer 
CD-DA Delay Time 




















Reserved Bytes 





CD-DA Entry Header 


- This field occupies 1 NBYTE. 
- It identifies the CD-DA Entry. 
- The field is coded as follows: 
- bits#(7..4) identify the CD-DA Entry and equal %0100 
- bits#(3..0) are reserved for future use and are provisionally set to %0000 


CD-DA Start Pointer 


- This field occupies 3 NBYTES. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) of the start 
pointer of a CD-DA Clip to be played. 

- It is BCD coded. 


CD-DA Stop Pointer 


- This field occupies 3 NBYTES. 

- It contains the Subcode Q-channel Mode 1 absolute time code (ATIME) of the stop 
pointer of a CD-DA Clip to be played. 

- It is BCD coded. 
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CD-DA Delay Time 


This field occupies 1 NBYTE. 

It gives the time delay from the complete play of the CD-DA Clip to the start of the 
next Entry to be executed. 

The delay time is given by: 


when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 

when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 

when bits#(7..0) = %11111111 then: 
time = infinite 


Reserved Bytes 


This field occupies 8 NBYTES. 
These bytes are intended for future use and provisionally set to $00. 
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IIl.3.3 Extended Play Sequence and Selection. 


3.3.1 General 


The Extended Play Sequence and Selection (EPSS) is present if the Session stores 
predefined Play Sequences and/or Selection Options. 


The EPSS is used by Photo CD players only. Computer based playback devices use 
the logically equivalent data in the EXTPLAY.PCD file in the File System (see III.2.4). 


The EPSS performs the same function as the PSS, but it can also include ADPCM 
audio related options. The EPSS is intended for playback devices with have ADPCM 
audio decoding capabilities. Playback devices without ADPCM audio decoding 
capabilities use the PSS (see III.3.2). 
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3.3.2 Structure and entries of the EPSS 


The EPSS structure and entries (but not necessarily the data contents) are identical 
to those of the PSS except that : 
- The EPSS starts at the Header address given in the EPSS Start Time field of the 
DDT. 
- The Subheader File Number equals 5. 
- A Sequence Entry is one of the 3 following types of Entries : 
- Image Entry, (see IlI.3.2.4). 
- CD-DA Entry, (see III.3.2.5). 
- ADPCM Entry, (see III.3.3.3). 
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3.3.3 ADPCM Entry 


Fig. Ill.19 Structure and entries of the ADPCM Entry 





ADPCM Entry Header 
ADPCM Start Pointer 
ADPCM Stop Pointer 
ADPCM File Number 
ADPCM Channel Number 
ADPCM Coding Information 
ADPCM Delay Time 





























Reserved Bytes 





ADPCM Entry Header 


- This field occupies 1 NBYTE. 
- It identifies the ADPCM Entry. 
- The field is coded as follows: 
- bits#(7..4) identify the ADPCM Entry and equal %0101 
- bits#(3..0) are reserved for future use and are provisionally set to %0000. 


ADPCM Start Pointer 


- This field occupies 3 NBYTES. 

- It contains the Header Address of the first Sector of the ADPCM Sequence to be 
played. 

- It is BCD coded. 


ADPCM Stop Pointer 


- This field occupies 3 NBYTES. 

- It contains the Header Address of the last Sector of the ADPCM Sequence to be 
played. 

- It is BCD coded. 
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ADPCM File Number 

- This field occupies 1 NBYTE. 

- It contains a copy of the Subheader File Number of the ADPCM Sequence. 

ADPCM Channel Number 

- This field occupies 1 NBYTE. 

- It specifies the Subheader Channel Number that is to be selected from the ADPCM 
Sequence. 

ADPCM Coding Information 

- This field occupies 1 NBYTE. 


- It contains a copy of the Subheader Coding Information of the specified Channel 
Number of the ADPCM Sequence. 


ADPCM Delay Time 


This field occupies 1 NBYTE. 

It gives the time delay from the complete play of the ADPCM Sequence to the start 
of the next Entry to be executed. 

The delay time is given by: 


when bit#7 = 0 then: 
time = value of bits#(6..0) * 0.5 seconds 

when bit#7 = 1 and bits#(6..0) are not %1111111 then: 
time = value of bits#(6..0) * 4 seconds 

when bits#(7..0) = %11111111 then: 
time = infinite 


Reserved Bytes 


- This field occupies 5 NBYTES. 
- These bytes are intended for future use and provisionally set to $00. 
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IV.1 General 


This chapter specifies the image data coding system, the Image Packs, the Overview 
Pack and the Startup Image. 


Photo CD images are intended for use on both soft-display and hard-copy output 
media. The possible soft-display output devices include television sets to standards 
such as NTSC and PAL, the different types of HDTV sets and the various monitor 
systems. 


The image coding system is optimized for natural photographic images. The highest 
resolution recordable on disc preserves the image quality of the best 35 mm 
photographic film. 
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IV.2 Image Data Coding 


2.1 General 


A Photo CD image is composed of a rectangular array of pixels. An image consists 
of one array of luminance data, denoted the Y-array, and in most cases two arrays of 
chrominance data, denoted the C1-array and the C2-array. The resolution of the 
chrominance data, when present, is reduced by a factor of 2 in both the horizontal and 
vertical direction relative to the luminance data. Each array of data is composed of 
a number of image lines, denoted Lines, that each contain a number of square image 
pixels, denoted Pixels. An array of data is expressed in terms of Pixels per Line x 
number of Lines. 


The collection of all image data that represents an image in one single resolution is 
referred to as the Image Component Data (ICD) component. 


The 5 different types of ICDs and their different numbers of Pixels per Line and 
numbers of Lines are listed in Fig. IV.1. 


Fig. IV.1 Image Component Data Resolutions 
































ICD type Y-array C1-array C2-array 
Base/16 192 x 128 96 x 64 96 x 64 
Base/4 384 x 256 192 x 128 192 x 128 
Base 768 x 512 384 x 256 384 x 256 
4Base 1536 x 1024 not present’ not present’ 
16Base 3072 x 2048 1536 x 1024 1536 x 1024 








Because the Pixels are square, the image aspect ratio is 3:2. 


1 4Base ICD color components are not recorded on disc. Base or 16Base color 
components can be used instead. 
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2.2 Pixels and Lines 


An ICD with a resolution of K x R, where K = 1.5 * R, is composed of a luminance 
array of K x R Pixels and in most cases (see Figure IV.1) two chrominance arrays of 
K/2 x R/2 Pixels. 


A Y-array of K x R Pixels is composed of R Y-Lines of K Y-Pixels each. 
A C1-array of K/2 x R/2 Pixels is composed of R/2 C1-lines of K/2 C1-Pixels each. 
A C2-array of K/2 x R/2 Pixels is composed of R/2 C2-lines of K/2 C2-Pixels each. 


The Y-Lines (Y) range from the first Line (Y,) up to and including the last Line (Y,.,) 
of the ICD. The j parameter increments by 1 for each Y-Line. 


A Y-Line consists of Y-Pixels (Y;;) extending from the first Pixel (Y,;) of the Line, up 
to and including the last Pixel (Y,,,) of the Line. The i parameter increments by 1 for 
each Y-Pixel. 


The C1-Lines (C1;) range from the first Line (C1,) up to and including the last Line 
(C1,,) of the ICD. The j parameter increments by 2 for each C1-Line. 


A C1-Line consists of C1-Pixels (C1;,), extending from the first Pixel (C1,;) of the Line 
up to and including the last Pixel (Cis) of the Line. The i parameter increments by 
2 for each C1-Pixel. 


The C2-Lines (C2) range from the first Line (C2,) up to and including the last Line 
(C2,,) of the ICD. The j parameter increments by 2 for each C2-Line. 


A C2-Line consists of C2-Pixels (C2;,), extending from the first Pixel (C2, ;) of the Line 
up to and including the last Pixel C2,.;) of the Line. The i parameter increments by 
2 for each C2-Pixel. 


A C-Line (C) consists of a C1-Line, followed by the corresponding C2-Line. 
The C-Lines range from the first Line (C,) up to and including the last Line (C,..) of the 
ICD. The j parameter increments by 2 for each C-Line. 
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2.3 Spatial Relationship of Pixels 


Pixel Y;, is spatially coincident with Pixel C1,, and Pixel C2;,, for the C1 and C2 Pixels 


that exists (see Fig. IV.2) 


i,j’ 


Fig. IV.2 Spatial Relationship of Pixels 





























0,0 1,0 2,0 3,0 K-4,0 K-3,0 K-2,0 K-1,0 

0,0 X X X X --- X X X X 
0,1 X X X X --- X X X X 
0,2 X X X X --- X X X X 
0,3 X X X X --- X X X X 
0,R-4 X X X X --- X X X X 
0,R-3 X X X X --- X X X X 
0,R-2 X X X X --- X X X X 
0,R-1 X X X X --- X X X X 

X denotes a Y-pixel X denotes a Y-, C1- and C2-pixel 

i,j where i ranges 0 .. K-1 and j ranges 0 .. R-1, denotes the pixel 

locations 
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2.4 Image Coding Block Diagrams 
Fig. IV.3 Image Encoding Block Diagram 


Image encoding is performed in two steps: first color encoding and then 
decomposition. These steps are described on the following pages. 
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Fig. IV.4 Image Decoding Block Diagram 


Image decoding is performed in the reverse order to encoding: first recomposition and 
then color decoding. These steps are described on the following pages. 
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2.5 Color Encoding 


General 


The color encoding system (color metric) is referred to as Photo YCC. It is defined 
in terms of a reference capture device and is therefore independent of the actual input 
and output devices. A key feature of Photo YCC is its large dynamic range for 
luminance and chrominance data representations. 


It is therefore necessary to map the dynamic range of the image data on disc to the 
appropriate dynamic range of the soft-display or hard-copy unit. 


The color encoding process comprises the following steps: 
- Generation of the red, green and blue primary values 

- Pre-shaping into gamma-type space 

- Matrixing into luminance and chrominance components 
- Scaling 


Generation of RGB primary values 


An image is color encoded as if the original scene were illuminated by the CIE 
standard illuminant D,,; and captured by a reference image-capturing device with 
spectral sensitivities proportional to the color-matching functions of CCIR 
recommendation 709 on reference primaries. 


The red, green and blue primary values, denoted RGB, as delivered by the reference 
image-capturing device, can range outside the normal color gamut of the CCIR 709 
display phosphor limits. 


The reference primaries, conforming to CCIR 709 are listed as the CIE chromaticity 
coordinates: 


R=: x=0.640 y = 0.330 
G =: x=0.300 y = 0.600 
B : x=0.150 y = 0.060 


Note: R, G and B can range outside the value range from 0 up to and including 1. 


Reference white is defined as: 
X = 0.3127 y = 0.3290 
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Preshaping into gamma-type space 

The gamma-type pre-shaping of the RGB primary values into R’G’B’ allows efficient 
quantization and decomposition, while maintaining high luminance and color fidelity 
combined with high dynamic range. 


The non-linear transformation is defined as: 


R’ = 1.099*R ° - 0.099 for R > 0.018 

G’ = 1.099*G° - 0.099 for G > 0.018 

B’ = 1.099*B_ ° - 0.099 for B > 0.018 

R’ =-1.099*|R| °° + 0.099 for R< -0.018 

G = -1.099*|G|™5 + 0.099 for G < -0.018 

B’ = -1.099*|B} °° + 0.099 forB< -0.018 

R’ = 4.5*R for -0.018 < R < 0.018 
G'=4.5* G for -0.018 < G < 0.018 
B’ = 4.5*B for -0.018 < B < 0.018 


Matrixing into luminance and chrominance components 


The gamma preshaped R’G’B’ values are matrixed into one luminance component, Y’, 
and two color difference chrominance components B’-Y’ and R’-Y’. 


The encoding matrix, conforming to CCIR 601-1, is defined as: 
Y = 0.299*R’ + 0.587*G’ + 0.114*B’ 

B’-Y’ = -0.299*R’ - 0.587*G’ + 0.886*B’ 

R’-Y’ = 0.701* R - 0.587*G’- 0.114*B’ 


Note: Because R, G and B can range outside the values 0..1, Y’, B’-Y’ and R’-Y’ can 
range outside the video values normally expected for TV systems. 


Scaling 
The Y’, B’-Y’ and R’-Y’ values are scaled using the following equations: 
Y` = (255/1.402)*Y’ 


C1" = 111.40*(B-Y’) + 156 
C2" = 135.64*(R’-Y’) + 137 


The values Y, C1, C2 can consist of more than 8 bits but are limited to the 
equivalent value range from 0 up to and including 255. 
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2.6 Image Component Data Composition 


The image output of the color encoding stages (see Fig. IV.3) is decomposed into a 
hierarchy of ICDs, with resolutions ranging from 16Base down to Base/16. In 
decomposition, the luminance and chrominance components of the image are 
processed separately. 


The hierarchy of ICDs input to the color decoding stages (see Fig. IV.4) are 
recomposed into the hierarchy of recomposed images. In recomposition, the 
luminance and chrominance components of the image are processed separately. 


Examples of luminance and chrominance decomposition are shown in IV.2.6.1 and 
IV.2.6.2 respectively. Actual decomposition may either follow these examples or be 
functionally equivalent to them. It should also be compatible with the recomposition 
reference models. 


Reference models for luminance and chrominance recomposition are shown in IV.2.6.3 
and IV.2.6.4 respectively. 
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2.6.1 Example of Luminance Decomposition 


An example of luminance decomposition is described below and illustrated in Fig. IV.5. 
Only the luminance component of the image is described. 


The 3072 x 2048 scaled image resulting from the scaling operation of color encoding 
(see Fig. IV.3) is successively decimated by 2 x 2 to give the 1536 x 1024 decimated 
image, the 768 x 512 decimated image, the 354 X 256 decimated image and the 192 
x 128 decimated image. 


The 192 x 128 decimated image is quantized to 8 bits to create the 192 x 128 Base/16 
ICD. 


The 384 x 256 decimated image is quantized to 8 bits to create the 384 x 256 Base/4 
ICD. 


The 768 x 512 decimated image is quantized to 8 bits to create the 768 x 512 Base 
ICD. 


The difference between the 2 x 2 interpolated 768 x 512 decimated image and the 
1536 x 1024 decimated image is quantized and Huffman encoded to create the 8-bit 
1536 x 1024 4Base ICD. 


The difference between the 2 x 2 interpolated 1536 x 1024 decimated image and the 
3072 x 2048 scaled image is quantized and Huffman encoded to create the 8-bit 3072 
x 2048 16Base ICD. 
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Fig. IV.5 Example of Luminance Decomposition 


3072 X 2048 








y 7 
|Quanti-| 





scaled 


L | | 


»>{zation |-—»4 enco- 


r 7 
| Huffman | 


| ding | 
L. d 


3072 X 2048 
16Base ICD 


Sn 








x= L J 


3072 X 2048 





by 2 X 2 


| ] 

al 

interpolation }———— »4| interpolated || 
| image | 


l 

|in 
by 2 X 2 

[> | 





1536 X 1024 


IES 








ig 7 
|Quanti-| 





decimated 


re ee 
im 


»>{zation --—»4 enco- 


r 7 
| Huffman | 


| ding | 
L J 


1536 X 1024 
4Base ICD 


— a] 


p o 








1536 X 1024 





by 2 X 2 


| 
by 2X 2 image 
| by | g 





768 X 512 


| ] 

7 

interpolation }-———— »4| interpolated || 
ae WBS as a | 

a 

| 

| 

i 





decimated 


384 X 256 





decimated 


192 X 128 





decimated 






































Base ICD 


384 X 256 
Base/4 ICD 


192 X 128 
Base/16 ICD 





Copyright 
January 1992 


CONFIDENTIAL 


IV-10 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.2 Image Data Coding 





2.6.2 Example of Chrominance Decomposition 


An example of chrominance decomposition is described below and illustrated in Fig. 
IV.6. Only one array of the chrominance component of the image is described; the 
description applies to both the C1 and C2 arrays. 


The 3072 x 2048 scaled image resulting from the scaling operation of color encoding 
(see Fig. IV.3) is decimated by 2 x 2 to give the 1536 x 1024 decimated image, by 4 
x 4 to give the 384 x 256 decimated image, then successively by 2 x 2 to give the 192 
x 128 decimated image and the 96 x 64 decimated image. 


The 96 x 64 decimated image is quantized to 8 bits to create the 96 x 64 Base/16 
ICD. 


The 192 x 128 decimated image is quantized to 8 bits to create the 192 x 128 Base/4 
ICD. 


The 384 x 256 decimated image is quantized to 8 bits to create the 384 x 256 Base 
ICD. 


The difference between the 4 x 4 interpolated 384 x 256 decimated image and the 
1536 x 1024 decimated image is quantized and Huffman encoded to create the 8-bit 
1536 x 1024 16Base ICD. 
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Fig. IV.6 Example of Chrominance Decomposition 
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2.6.3 Reference Model for Luminance Recomposition 


The reference model for luminance recomposition is described below and illustrated 
in Fig. IV.7. Only the luminance component of the image is described. 


The 192 x 128 Base/16 ICD gives the 192 x 128 recomposed Base/16 image directly. 
The 384 x 256 Base/4 ICD gives the 384 x 256 recomposed Base/4 image directly. 
The 768 x 512 Base ICD gives the 768 x 512 recomposed Base image directly. 
The addition of the Huffman decoded 1536 x 1024 4Base ICD and the 2 x 2 
interpolated 768 x 512 Base ICD, after clipping to limit the code value range to from 
0 up to and including 255, gives the 1536 x 1024 recomposed 4Base image. 
Addition of the Huffman decoded 3072 x 2048 16Base ICD and the 2 x 2 interpolated 


1536 x 1024 recomposed 4Base image, after clipping to limit the code value range to 
from 0 up to and including 255, gives the 3072 x 2048 recomposed 16Base image. 
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Fig. IV.7 Reference Model for Luminance Recomposition 
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2.6.4 Reference Model for Chrominance Recomposition 

The reference model for chrominance recomposition is described below and illustrated 
in Fig. IV.8. Only one array of the chrominance component of the image is described; 
the description applies to both C1 and C2 arrays. 

The 96 x 64 Base/16 ICD gives the 96 x 64 recomposed Base/16 image directly. 
The 192 x 128 Base/4 ICD gives the 192 x 128 recomposed Base/4 image directly. 
The 384 x 256 Base ICD gives the 384 x 156 recomposed Base image directly. 


Interpolation by 2 x 2 of the 384 x 256 recomposed Base image gives the 768 x 512 
recomposed 4Base image. 


Addition of the Huffman decoded 1536 x 1024 16 Base ICD and the 2 x 2 interpolated 
768 x 512 recomposed 4Base image, after clipping to limit the code value range to 
from 0 up to and including 255, gives the 1536 x 1024 recomposed 16Base image. 
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Fig. IV.8 Reference Model for Chrominance Recomposition 
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2.6.5 Rules for Decomposition and Recomposition 
Decimation rules 


Decimation by 2 x 2 is performed by proper pre-filtering and spatial subsampling by 
a factor of 2 in both vertical and horizontal dimensions. 


Decimation by 4 x 4 is performed by proper pre-filtering and spatial subsampling by 
a factor of 4 in both vertical and horizontal dimensions. 


Interpolation rules 


Interpolation by 2 x 2 is performed by linear, first order, spatial upsampling by a factor 
of 2 in both vertical and horizontal dimensions. The recomposition reference model 
executes the upsampling as a separate process for each dimension. It adds 8-bit 
values, divides the 9-bit sum by 2, and then rounds to an 8-bit value again. 


Interpolation by 4 x 4 is performed by linear, first order, spatial upsampling by a factor 
of 4 in both vertical and horizontal dimensions. The recomposition reference model 
executes the upsampling as a separate process for each dimension. It adds 8-bit or 
10-bit values, divides the 9-bit or 10-bit sum by 2 or by 4, and then rounds to an 8-bit 
value again. 


Addition rules 


The recomposition reference model adds the input values at full 8-bit resolution. 


Clipping rules 


The recomposition reference model clips the signed output values of the addition to 
8-bit values, ranging from 0 up to and including 255. 





Copyright CONFIDENTIAL IV-17 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.2 Image Data Coding 





4Base Quantization and Huffman Coding 


There are four possible decoding tables, one of which is selected at encoding time. 
Each table is optimized for a particular class of image source material. The 
recommended classes are as follows: 

- Class 1 : 35mm film; pictorial hard copy. 

- Class 2 : large format film. 

- class 3 : text and graphics, high resolution. 

- Class 4 : text and graphics, high dynamic range. 


The decoding tables are specified in 1V.3.15 "4Base Huffman Code Table". 


16Base Quantization and Huffman Coding 


The decoding tables are not predefined, but composed at encoding time, depending 
on the characteristics of the image to be encoded. Thus, they constitute an infinite 
set. Different decoding tables can be used for Y, C1 and C2. The decoding tables 
are specified in IV.3.20. 
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IV.3 Image Packs 


3.1 General 


An image is coded on disc as a series of Image Components with different resolutions. 
An Image Component is the part of an Image Pack that contains the data (ICD) and 
the attributes that represent one single resolution of an image. Each of these Image 
Components is optimized for a target output medium of a comparable resolution. 


Image Pack 


An Image Pack is the collection of all the components that represent one image, its 
ICDs, its attributes and optionally also an extension field for that image. 


The Resolution Order of an Image Pack is given by the highest resolution ICD that is 
present in the Image Pack. All the lower resolution ICDs are also present in the 
Image Pack. 


Image Pack Data Sectors are in Mode 2 Form 1. 


Image Number 


Each Image Pack has a unique Image Number. The Image Number equals the entry 
number of the IPT (Image Pointer Table) in the Index Table. The Image Numbers 
range from 1 to the latest Image Number, in increments of 1, without gaps. It is 
recommended that the order of the Image Packs on the disc corresponds to the order 
of their Image Numbers. 


Interleaving 


Photo CD Image Pack Data Sectors can be interleaved with ADPCM Audio Sectors 
at a fixed interleaving ratio for a whole Image Pack. In this chapter, only the Photo 
CD Image Pack Data Sectors are described. Interleaved ADPCM Audio Sectors 
conform to Chapter V. 
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3.2 Structure and entries of the Image Pack 





















































































































































Fig. IV.9a Component Structure Fig. |\V.90 Component Data 

CN SM Cl LT FM 
IP-ICA 16 $08 $00 1 MRS 
IPA 16 $08 $00 2 - 
Base/16 ICA 17 $08 | $00 1 MRS 
Base/16 ICD 17 $02 $80 18 - 
Base/4 ICA 18 $08 $00 1 MRS 
Base/4 ICD 18 $02 $80 72 - 
Base ICA 19 $08 | $00 1 MRS 
Base ICD 19 $02 $80 288 - 
4Base ICA 20 $08 $00 1 MRS 
4Base LPT-MRS 20 $08 $00 2 MRS 
4Base LPT 20 $08 | $00 1 - 
4Base HCT 20 $08 | $00 1 - 
4 Base ICD 20 $02 $80 var - 
16Base ICA 21 $08 $00 1 MRS 
16Base LPT-MRS 21 $08 $00 9 MRS 
16Base LPT 21 $08 $00 2 - 
16Base HCT 21 $08 $00 2 - 
16Base ICD 21 $02 | $80 | var - 
IPE i 

i see IV.3.22. 


Fig. IV.9a gives the structure of all the possible components within an Image Pack. 
Fig. IV.9b gives Subheader values, length and structure information about the 
components. 
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Key to abbreviations used in Figure IV.13.b: 
CN Subheader Channel Number 

SM Subheader Submode 

Cl Subheader Coding Information 

LT = Length of the component in Sectors 
FM Component format (MRS or not) 

var variable length 


The 4Base, or 4Base and 16Base related components may or may not be present in 
the Image Pack. This depends on the Resolution Order of the Image Pack. 


The IPE (Image Pack Extension) is reserved for future use, and will not be present 
when not used. 


The Subheader Submode above is given with the End Of File, End Of Record and 
Trigger bits set to 0 (see IV.3.3). 
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3.3 Subheader Coding of the Image Pack 


Image Pack Subheader File Number 


The File Number is the same for all Sectors of the Image Pack. It indicates the Image 
Number and it ranges 6..255. 


Image Pack Subheader Channel Number 


The Channel Number marks the type of component within the Image Pack. It is coded 
in all the Sectors of the corresponding component. It ranges 16..31. 


Image Pack Subheader Submode 


The Submode is coded as Video for ICD Sectors, and as Data for other Sectors; IPE 
Sectors are currently not defined. 


In Fig. IV.9.b, the Submode is given with the End Of File, End Of Record and Trigger 

bits set to 0. However, the actual state of these bits depends on the conditions below: 

EOF : This bit is 1 for the last Sector of a file, otherwise it is 0. 

EOR : This bit is 1 for the last Sector of a logical record, otherwise it is 0. 

Trigger : This bit is 1 to generate an interrupt to synchronize the application with 
various coding information. Otherwise, this bit is 0. 


Image Pack Subheader Coding Information 


The Coding Information is coded as Application Specific Video for ICD Sectors, and 
as Data for other Sectors; IPE Sectors are currently not defined. 
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3.4 Image Pack - Image Component Attributes 

The Image Pack - Image Component Attributes (IP-ICA) component contains the 
attributes associated with the Image Pack. It is intended for simple microcontroller 
based playback systems, such as the Photo CD player. 

The IP-ICA is 1 Sector long. 


The IP-ICA is MRS structured, and its MRS Type Identifier is 5. 


Fig. |V.10 Structure and entries of the IP-ICA 





Reserved Bytes 





Image Pack Attributes 
4Base Stop Sector Offset 
16Base Stop Sector Offset 
IPE Stop Sector Offset 














Interleaving Ratio 





ADPCM Image Resolution Selection 





ADPCM Image Magnification Panning 





ADPCM Image Magnification Factor 
ADPCM Image Display Offset 














ADPCM Image Transition Descriptor 





The ADPCM Image fields NBYTES#(11..17) define the recommended display 
attributes of the images during play of an ADPCM Sequence (see V). When the 
Image Pack is not part of an ADPCM Sequence then these NBYTES are set to $00. 
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Reserved Bytes 


- This field occupies NBYTES#(1..2). 
- These bytes are intended for future use and provisionally set to $00. 


Image Pack Attributes 


- This field occupies NBYTE#S. 

- It gives attributes for the Image Pack. 

- It is coded as follows : 

- bit#7 is reserved for future use and provisionally set to %0. 
- bits#(6..5) specify the 4Base Huffman Code Table where : 

- The numerical value in this field identifies the Huffman Code Table to be used 
to decode the 4Base ICD. 

- The value of bits#(6..5) ranges %00..11, corresponding to the tables for classes 
1..4 respectively. This value is not valid when the 4Base Image Component is 
not present. 

- In addition to this identification, the actual Huffman Code Table to be used is 
listed in the 4Base HCT. 

- bit#4 specifies the status of the IPE where : 
- %0 means that the IPE is not present 
- %1 means that the IPE is present 
- bits#(3..2) specify the Image Pack Resolution Order where : 

- %00 means highest resolution is Base 

- %01 means highest resolution is 4Base 

- %10 means highest resolution is 16Base 

- %11 is reserved for future use 

- bits#(1..0) specify the required image rotation on the display where : 

- %00 means 0 degrees CCW image rotation 

- %01 means + 90 degrees CCW image rotation 

- %10 means +180 degrees CCW image rotation 

- %11 means +270 degrees CCW image rotation 


4Base Stop Sector Offset 


- This field occupies NBYTES#(4..5). 

- Itcontains the physical Sector Header address offset to the first Sector following the 
4Base ICD, relative to the first IPA Sector. 

- It is binary coded. 

- This field equals $0000 when the 4Base Image Component is not present. 
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16Base Stop Sector Offset 


This field occupies NBYTES#(6..7). 

It contains the physical Sector Header address offset to the first Sector following the 
16Base ICD, relative to the first IPA Sector. 

It is binary coded. 

This field equals $0000 when the 16Base Image Component is not present. 


IPE Stop Sector Offset 


This field occupies NBYTES#(8..9). 

It contains the physical Sector Header address offset to the first Sector following the 
IPE, relative to the first IPA Sector. 

It is binary coded. 

This field equals $0000 when the IPE is not present. 


Interleaving Ratio 


This field occupies NBYTE#10. 

The interleaving ratio is fixed over an entire Image Pack. 

An Image Pack consists of contiguous groups of Data Sectors. Within a group, the 

first part consists of a number of contiguous Photo CD Image Pack Data Sectors, 

and the second part consists of a number of contiguous ADPCM Audio Sectors. 

In this field: 

- bits#(7..4) give the number of ADPCM Audio Sectors per group; this number 
ranges %0000..1111. 

- bits#(3..0) give the number of Photo CD Image Pack Data Sectors per group; 
this number ranges %0001..1111. 

If only Photo CD Image Pack Data Sectors are present, then bits#(7..4) equal 

%0000, and bits#(3..0) equal %0001. 

To maintain the fixed interleaving ratio over the entire Image Pack, any remaining 

Data Sector space at the end of the Image Pack is padded with Empty Sectors. 
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ADPCM Image Resolution Selection 


- This field occupies NBYTE#11. 

- It contains the designer’s recommendation for the Image Component of the Image 
Pack to be used at playback. This is basically a compromise between low 
resolution with short loading time and high resolution with long loading time, and 
can be playback speed dependent. 

- The field is coded as follows: 

- bits#(7..4) are reserved for future use and are provisionally set to %0000 

- if bit#3 is %1, indicating that the image loading time is most important, then the 
preferred Image Component to be used is given in bits#(2..0), where: 
- %000 is reserved for future use 
- %001 means Base/16 
- %010 means Base/4 
- %011 means Base 
- %100 means 4Base 
- %101 means 16Base 
- %110 is reserved for future use 
- %111 is reserved for future use 

- if bit#3 is %0, indicating that the image resolution to be used is playback-speed 
dependent, then the preferred Image Component to be used at normal playback 
speed (150 Kbytes per second data transfer rate) is coded in bits#(2..0) as given 
above. For higher playback speeds, higher Image Component resolutions are 
to be used, so that the resulting image loading time is more or less equal to the 
image loading time at normal speed. 


ADPCM Image Magnification Panning 


- This field occupies NBYTES#(12..13). 

- The first NBYTE gives the X-coordinate and the second NBYTE gives the Y- 
coordinate. These coordinates determine the center point of the part of the image 
to be magnified. This part is rectangular with the same aspect ratio as the complete 
image. 

- The X- and Y-coordinates are specified in the Selection Area #(1..last) field in 
HI.3.2.2. 
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ADPCM Image Magnification Factor 


This field occupies NBYTE#14. 
It contains the linear magnification factor for the part of the image to be magnified. 
The magnification factor is given by: 
magnification factor = [(field value) + 1] / 16, thus ranging 1/16..16 in increments 
of 1/16. It is binary coded. 


For magnification factors = 1, the image or magnified part of the image optimally fills 
the full width and/or height of the normal display area. 


For magnification factors < 1, the image is reduced in size. In this case, the full 
width and height of the normal display area are not filled. 


ADPCM Image Display Offset 


This field occupies NBYTES#(15..16). 

The first NBYTE gives the X-coordinate and the second NBYTE gives the Y- 
coordinate. These coordinates determine the pixel coordinate on the normal display 
area on which the center pixel of the displayed image will be placed. The displayed 
image is the image after rotation and magnification. 

The reference pixel and X- and Y-coordinates are defined identically to those in the 
Image Magnification Panning field, except that they refer to the normal display area 
instead of to the image itself. 


ADPCM Image Transition Descriptor 


This field occupies NBYTE#17. 

It contains the designer’s recommendation for the type of transition to be used at 
playback in showing the image. 

This field is coded as follows : 

- $00 means a cut 

- $01 means a cross-fade 

- $02 means a random fade 

- $03 means a bottom-to-top wipe 

- $04 means a top-to-bottom wipe 

- $05 means a left-to-right wipe 

- $06 means a right-to-left wipe 

- $07..FF are reserved for future use 
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3.5 Image Pack Attributes 
The Image Pack Attributes (IPA) component contains general information concerning 
the Image Pack and the attributes for the Image Components of the Image Pack. The 


IPA is intended to be used by computer based playback systems, like CD-I and CD- 
ROM XA. 


The IPA consists of 2 Sectors in Mode 2 Form 1. 


Fig. IV.11 Structure and entries of the IPA 





IPI 
ICI 














The IPI (Image Pack Information) sub-component occupies the first 1536 bytes of the 
first IPA Sector. 


The ICI (Image Component Information) sub-component occupies the last 512 bytes 
of the first IPA Sector, plus the whole of the second IPA Sector. 
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3.5.1 Image Pack Information 


The Image Pack Information (IPI) sub-component contains information concerning the 
history of the Image Pack. 


Fig. IV.12 Structure and entries of the IPI 





IPI Signature 





Specification Version Number 





PIW Authoring Software Release 





Image Magnification Descriptor 





Image Scanning Time and Date 





Last Modification Time and Date 





Medium of Original Image Recording 





Product Type of Original Recording 





Scanner Vendor Identity 





Scanner Product Identity 





Scanner Firmware Revision Level 





Scanner Firmware Revision Date 





Scanner Serial Number 





Scanner Pixel Size 





PIW Equipment Manufacturer 





Photofinisher’s Name Character Set 





Photofinisher’s Name Escape Sequences 





Photofinisher's Name 





SBA Data 





Copyright/Use Rights Status 





Copyright/Use Rights Text File Name 








Reserved Bytes 
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IPI Signature 


This field occupies bytes#(1..7). 
It contains "PCD_IPI" coded in ISO 646. 
This identifies the IPI. 


Specification Version Number 


This field occupies bytes#(8..9). 

It gives the version number of the disc. 

It is binary coded. The most significant byte gives the major version number (the 
number before the decimal point), the least significant byte gives the minor version 
number (the number after the decimal point). The decimal point itself is not coded. 
The Specification Version Number is also stored in the Overview Pack Attributes 
(OPA) (see IV.4.4), in the INFO.PCD file (see III.2.3) and in the Disc Description 
Table (DDT) (see III.3.1.2). 


PIW Authoring Software Release 


This field occupies bytes#(10..11). 

It gives the release number of the Photo CD imaging workstation software. 

It is binary coded. The most significant byte gives the major release number (the 
number before the decimal point), the least significant byte gives the minor release 
number (the number after the decimal point). The decimal point itself is not coded. 
$FFFF indicates an undefined field. 


Image Magnification Descriptor 


This field occupies bytes#(12..13). 

It gives the magnification factor that was applied to the 16Base source image. The 
default value is 1. This field is used to track multiple generation interpolated copies. 
It is BCD coded. The most significant byte gives the digit before the decimal point, 
the least significant byte gives the digit(s) after the decimal point. The decimal point 
itself is not coded. 

$FFFF indicates an undefined field. 


Image Scanning Time and Date 


This field occupies bytes#(14..17). 
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- It gives the time and date of the image acquisition. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 

- $FFFFFFFF indicates an undefined field. 


Last Modification Time and Date 


- This field occupies bytes#(18..21). 

- It gives the time and date of the last image modification. 

- Itis the binary coded offset, expressed in seconds, from date 1970-01-01 and time 
00:00:00 UTC (GMT). 

- $FFFFFFFF indicates an undefined field. 


Medium of Original Image Recording 
- This field occupies byte#22. 


- It identifies the medium upon which the image was originally recorded. 
- The coding is: 


-0 : color negative 

-1 : color reversal 

-2 : color hard-copy 

-3 : thermal hard-copy 

-4 : black & white negative 
-5 : black & white reversal 
-6 : black & white hard-copy 
-7 : internegative 

-8 : synthetic image 


- 9..254 : reserved for future use 
- 255 : undefined field 


Product Type of Original Recording 


- This field occupies bytes#(23..42). 

- It gives the product code, the generation code, the ISO film speed and the frame 
number of the original image. 

- It is ISO 646 coded, starting left and padded with blanks. 

- All blanks indicate an undefined field. 


Scanner Vendor Identity 
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- This field occupies bytes#(43..62). 

- It contains the identity of the type of scanner vendor. 

- It is ISO 646 coded, starting left and padded with blanks. 
- All blanks indicate an undefined field. 


Scanner Product Identity 


- This field occupies bytes#(63..78). 

- It contains the identity of the scanner product. 

- It is ISO 646 coded, starting left and padded with blanks. 
- All blanks indicate an undefined field. 


Scanner Firmware Revision Level 


- This field occupies bytes#(79..82). 

- It contains the Firmware Revision Level. 

- Itis ISO 646 coded, in the format "X.YY", where X denotes the major revision level 
and YY denotes the minor revision level. 


Scanner Firmware Revision Date 


- This field occupies bytes#(83..90). 

- It contains the Firmware Revision Date. 

- It is ISO 646 coded, in the format "MM/DD/YY", where MM denotes the month 
(01..12), DD denotes the day (01..31) and YY denotes the last two digits of the year 
(00..99). 


Scanner Serial Number 


- This field occupies bytes#(91..110). 

- It gives the serial number of the image scanner used. 

- It is ISO 646 coded, starting left and padded with blanks. 
- All blanks indicate an undefined field. 
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Scanner Pixel Size 


- This field occupies bytes#(111..112). 

- It gives the Pixel size of the image scanner used. 

- The default value is 11.48 um for 35 mm film. 

- This field is BCD coded. The most significant byte gives the number before the 
decimal point, the least significant byte gives the number after the decimal point. 


The decimal point itself is not coded. This figure is expressed in microns (um). 
- $FFFF indicates an undefined field. 


PIW Equipment Manufacturer 


This field occupies bytes#(113..132). 

It gives the name of the Photo CD imaging workstation manufacturer licensed to 
write the file format. 

It is ISO 646 coded, starting left and padded with blanks. 

All blanks indicate an undefined field. 
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Photofinisher’s Name Character Set 


- This field occupies byte#133. 
- It identifies the character set used for the photofinisher’s name. 
- The coding is: 


=d 


-6 


- 7..254 : 
- 255 


: set of 38 characters of ISO 646 with table positions: 


- 2/14 : full stop 
- 3/0..3/9 : digits 0..9 
- 4/1..5/10 : upper-case A..Z 


= 5/15 : low line 

: set of 65 characters of ISO 646 with table positions: 
- 2/13 : hyphen 
- 2/14 : full stop 


- 3/0..3/9 : digits 0..9 
- 4/1..5/10 : upper-case A..Z 


- 6/1..7/10 : lower-case a..z 
: set of 95 characters of ISO 646 with table positions: 
- 2/0..7/14 
: set of 191 characters of ISO 8859-1 with table positions: 
- 2/0..7/14 
- 10/0..15/15 


: set of characters conforming to ISO 2022, as specified in the 


"Photofinisher’s Name Escape Sequences" field. 


: atleast 1 character exists that is not registered according to ISO 2375. 


“reserved for future use. 


: indicates undefined field. 


Photofinisher’s Name Escape Sequences 


- This field occupies bytes#(134..165). 

- This field has meaning only when the value of the "Photofinisher’s Name Character 
Set" field is 5 or 6. The escape sequences conform to ISO 2022, except that the 
escape character is omitted from each escape sequence in this field. 

- The first, or only, escape sequence begins at the first byte of this field. Subsequent 
escape sequences begin with the byte immediately following the last byte of the 
previous escape sequence. Unused bytes following the last escape sequence are 


set to $00. 


- $FF for all bytes in this field indicates an undefined field. 


Photofinisher’s Name 
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- This field occupies bytes#(166..225). 

- It contains the byte-justified character string that gives the photofinisher’s name, 
using characters as defined in the 2 previous fields. 

- $FF for all bytes in this field indicates an undefined field. 


SBA Data 


- This field occupies bytes#(226..331). 

- It contains the data on the scene balance algorithm used. 

- If I oyisi 2.0: .228) contain "SBA" in ISO 646 then: 
the contents of bytes#(229..230) give the SBA revision number. It is binary 
coded. The most significant byte gives the major version number (the number 
before the decimal point), the least significant byte gives the minor version 
number (the number after the decimal point). The decimal point itself is not 
coded. 

- the contents of byte#231 gives the SBA command. The coding is: 

- 0 = neutral SBA on ; color SBA on 


- 1 = neutral SBA off - color SBA off 
- 2 = neutral SBA on ; color SBA off 
- 3 = neutral SBA off - color SBA on 


- 4..255 = reserved for future use 
bytes#(232..331) contain the scene balance algorithm data 
- it bytes#(226..228) do not contain "SBA" in ISO 646 then: 
- the contents of bytes#(229..331) are reserved for future use and provisionally 
set to $00. 


Copyright/Use Rights Status 


- This field occupies byte #332. 
- It gives the status of the copyright of the Image Pack. 


- The coding is: 
- $01 : copyright and image use restrictions apply 
- $FF : copyright and image use restrictions are not specified 


- If the field is coded $01, the copyright restrictions are listed in the text file defined 
by the following field "Copyright/Use Rights Text File Name". 


Copyright/Use Rights Text File Name 





Copyright CONFIDENTIAL IV-35 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.3 Image Packs 





This field occupies bytes#(333..344). 

This field is defined only if the value of the previous field "Copyright/Use Rights 
Status" equals $01. The Copyright/Use Rights Text File, if it exists, contains 
information on copyright or use rights for the image. This file resides in the 
"RIGHTS" directory. 

- It is ISO 646 coded, starting left and padded with blanks. 

- All blanks indicate an undefined field. 


Reserved Bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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3.5.2 Image Component Information 


The Image Component Information (ICI) sub-component contains the attribute 
information referring to the corresponding Image Components. 


Fig. IV.13 Structure and entries of the ICI 





Base/16 ICI 
Base/4 ICI 
Base ICI 
4Base ICI 
16Base ICI 























Base/16 ICI 
- This field occupies the last 512 bytes of the first IPA Sector. 

- It contains the Base/16 Image Component Information. 

Base/4 ICI 

- This field occupies the first 512 bytes of the second IPA Sector. 

- It contains the Base/4 Image Component Information. 

Base ICI 

- This field occupies the second 512 bytes of the second IPA Sector. 
- It contains the Base Image Component Information. 

4Base ICI 

- This field occupies the third 512 bytes of the second IPA Sector. 

- It contains the 4Base Image Component Information. 

16Base ICI 


- This field occupies the last 512 bytes of the second IPA Sector. 
- It contains the 16Base Image Component Information. 
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Structure and entries of the components of the ICI 


For the Base/16 ICI, Base/4 ICI, Base ICI, 4Base ICI and 16Base ICI for which a 
corresponding Image Component is present in the Image Pack: 


- The contents of bytes#(1..17) are logically identical to the contents of 
NBYTES#(1..17) of the IP-ICA of the Image Pack (see IV.3.4). 
- Bytes#(18..512) are reserved for future use and provisionally set to $00. 


The contents of all bytes of ICls with no corresponding Image Component present in 
the Image Pack is $00. 





Copyright CONFIDENTIAL IV-38 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.3 Image Packs 





3.6 Base/16 Image Component Attributes 

The Base/16 Image Component Attributes (Base/16 ICA) component contains the 
attributes that refer to the Base/16 ICD. The Base/16 ICA is intended to be used by 
simple microcontroller based playback systems, such as the Photo CD player. 

The Base/16 ICA is 1 Sector long. 


The Base/16 ICA is MRS structured, and its MRS Type Identifier is 5. 


Contents of the Base/16 ICA 


The contents of NBYTES#(1..17) of the Base/16 ICA are identical to the contents of 
NBYTES#(1...17) of the IP-ICA of the Image Pack (see IV.3.4). 
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3.7 Base/16 Image Component Data 


The Base/16 Image Component Data (Base/16 ICD) component contains the Pixel 
data for the Base/16 Image Component. 


No other ICDs are required to decode the Base/16 ICD. 


The Pixel resolution of the Base/16 ICD is 192 x 128 = 24 KPixels. 


Size in Pixels of the luminance and chrominance arrays 


Y : 24 KPixels 
Ci: 6 KPixels 
C2: 6 KPixels 


Size in bytes of the luminance and chrominance arrays 


Y :192x 128 x1 
C1: 96x 64x1 
C2: 96x 64x1 


24576 bytes 
6144 bytes 
6144 bytes 





Total = 36864 bytes = 36 Kbytes 


Data load time at nominal speed 


36 Kbytes / (150 Kbytes / sec) = 0.24 sec 


Note: This applies to non-interleaved files only; interleaving proportionally increases 
the loading time. 


Typical applications of the Base/16 ICD 


- Picture-in-picture on TV and HDTV 
- Low-resolution display 

- Portrait-underscan display on TV 

- Small size prints 
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Structure and entries of the Base/16 ICD 


The Base/16 ICD consists of 18 Sectors. The Line sequence as given below for the 
first 9 Sectors progresses in the same way to the end of the ICD. 


Sector #1 : | Yoo Votan Vent aso Vaal usar! oa lo |—>(Sector #2)> 
Sector #2 : | 309: YoY og CosY 10% 11010 V 12% 13C12¥ | (Sector #3) 
Sector #3 : | 44Y15C14Y16Y17C16Y18Y19018Y 2Y 21 |> etc. 

Sector #4 : | CaoY22Y23022Y 24Y 2524Y 26Y 2702Y > | 

Sector #5 : | 8Y 29028Y a0 oi ant 32 Y 3332Y 34Y 350 | 

Sector #6 : | 34Y36Y37C36Y38Y 39C38Y 40Y 41C40Y 42 | 

Sector #7 : | Ya3C42Y44Y 4544Y 46Y 47C46Y 48Y 49014 | 

Sector #8 : | 8Y s0Y51C50Y52Y53C52Ys4Y55C54Ys6Y | 

Sector #9 : | 57Cs6Y 58Y 59Cs8Y60Y61C60Y 2Y 63C62 | 

Thus the Base/16 ICD ends with _ VNC J 


Y and C,, denote Y-Lines and C-Lines respectively. 


When the 3-character Line notation is not broken up, all the Pixels of that Line are 
present in the Sector. 


When 1 character of the 3-character Line notation is present in a Sector, then 1/3 of 
the Pixels of that Line are present in the Sector. 


When 2 characters of the 3-character Line notation are present in a Sector, then 2/3 
of the Pixels of that Line are present in the Sector. 
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3.8 Base/4 Image Component Attributes 

The Base/4 Image Component Attributes (Base/4 ICA) component contains the 
attributes that refer to the Base/4 ICD. The Base/4 ICA is intended to be used by 
simple microcontroller based playback systems, such as the Photo CD player. 

The Base/4 ICA is 1 Sector long. 


The Base/4 ICA is MRS structured, and its MRS Type Identifier is 5. 


Contents of the Base/4 ICA 


The contents of NBYTES#(1..17) of the Base/4 ICA are identical to the contents of 
NBYTES#(1..17) of the IP-ICA of the Image Pack (see IV.3.4). 
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3.9 Base/4 Image Component Data 


The Base/4 Image Component Data (Base/4 ICD) component contains the Pixel data 
of the Base/4 Image Component. 


No other ICDs are required to decode the Base/4 ICD. 


The Pixel resolution of the Base/4 ICD is 384 x 256 = 96 KPixels. 


Size in Pixels of the luminance and chrominance arrays 


Y : 96 KPixels 
C1 : 24 KPixels 
C2 : 24 KPixels 


Size in bytes of the luminance and chrominance arrays 


Y :384 x 256 x 1 = 98304 bytes 
C1: 192 x 128 x 1 = 24576 bytes 
C2 : 192 x 128 x 1 = 24576 bytes 





Total = 147456 bytes = 144 Kbytes 


Data load time at nominal speed 


144 Kbytes / (150 Kbytes / sec) = 0.96 sec 


Note: This applies to non-interleaved files only; interleaving proportionally increases 
the loading time. 


Typical applications of the Base/4 ICD 


- Browsing through images on disc 

- Picture-in-picture on TV and HDTV 

- Low-resolution display 

- Portrait mode display on TV 

- Landscape-underscan display on TV 
- Small size prints 
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Structure and entries of the Base/4 ICD 


The Base/4 ICD consists of 72 Sectors. The Line sequence as given below for the 
first 9 Sectors progresses in the same way to the end of the ICD. 


Sector #1 : | YooYo1Co0Yo2Yo3C | (Sector #2)—> 
Sector #2 : | o2Yo4Yo5C04YoYo  |—(Sector #3)—> 
Sector #3 : | 2Co6Yo8Yo9C0o8Y10 |> ete. 

Sector #4 : | Yi1C10Y12Y13012Y | 

Sector #5 : | 44Y15C14Y16Y170; | 

Sector #6 : | 6Yi8Y19C18Y 2Y | 

Sector #7 : | CY 22Y seas vost | 

Sector #8 : | 25C24Y2Y27C2Y> | 

Sector #9 : | 8Y 2928Y 30Y31C3 | 

Thus the Base/4 ICD ends with Yosa core rere |: 


Y,, and C,, denote Y-Lines and C-Lines respectively. 


When the 3-character Line notation is not broken up, all the Pixels of that Line are 
present in the Sector. 


When 1 character of the 3-character Line notation is present in a Sector, then 1/3 of 
the Pixels of that Line are present in the Sector. 


When 2 characters of the 3-character Line notation are present in a Sector, then 2/3 
of the Pixels of that Line are present in the Sector. 
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3.10 Base Image Component Attributes 

The Base Image Component Attributes (Base ICA) component contains the attributes 
that refer to the Base ICD. The Base ICA is intended to be used by simple 
microcontroller based playback systems, such as the Photo CD player. 


The Base ICA is 1 Sector long. 


The Base ICA is MRS structured, and its MRS Type Identifier is 5. 


Contents of the Base ICA 


The contents of NBYTES#(1..17) of the Base ICA are identical to the contents of 
NBYTES#(1..17) of the IP-ICA of the Image Pack (see IV.3.4). 
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3.11 Base Image Component Data 


The Base Image Component Data (Base ICD) component contains the Pixel data for 
the Base Image Component. 


No other ICDs are required to decode the Base ICD. 


The Pixel resolution of the Base ICD is 768 x 512 = 384 KPixels. 


Size in Pixels of the luminance and chrominance arrays 


Y : 384 KPixels 
Ci: 96 KPixels 
C2: 96 KPixels 


Size in bytes of the luminance and chrominance arrays 


Y : 768x512 x 1 
C1 : 384 x 256 x 1 
C2 : 384 x 256 x 1 


393216 bytes 
98304 bytes 
98304 bytes 





Total = 589824 bytes = 576 Kbytes 


Data load time at nominal speed 

576 Kbytes / (150 Kbytes / sec) = 3.84 sec 

Note: This applies to non-interleaved files only; interleaving proportionally increases 
the loading time. 

Typical applications of the Base ICD 

= Landscape mode display on TV 


- Picture-in-picture on HDTV 
- Small size prints 





Copyright CONFIDENTIAL IV-46 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.3 Image Packs 





Structure and entries of the Base ICD 


The Base ICD consists of 288 Sectors. The Line sequence as given below for the first 
9 Sectors progresses in the same way to the end of the ICD. 


Sector #1 : | YooYo1Co (Sector #2) 
Sector #2 : | oYo2Yo3C |—(Sector #3) 
Sector #3  : | o2Yo4Yo5s |> etc. 
Sector #4 : | Cos o6Y o | 

Sector #5 : | 7Co6YosY | 

Sector #6 : | oCosYi0 e| 

Sector #7 : | YiiCioYs | 

Sector #8 : | 2Y13042Y | 

Sector #9. : | 144Y15Ci4 | 

Thus the Base ICD ends with: | YaYṣ1Csıol: 


Y,, and C,, denote the Y-Lines and C-Lines respectively. 


When the 3 character Line notation is not broken up, all the Pixels of that Line are 
present in the Sector. 


When 1 character of the 3 character Line notation is present in a Sector, then 1/3 of 
the Pixels of that Line are present in the Sector. 


When 2 characters of the 3 character Line notation are present in a Sector, then 2/3 
of the Pixels of that Line are present in the Sector. 
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3.12 4Base Image Component Attributes 

The 4Base ICA Image Component Attributes (4Base ICA) component contains the 
attributes that refer to the 4Base ICD. The 4Base ICA is intended to be used by 
simple microcontroller based playback systems, such as the Photo CD player. 

The 4Base ICA is 1 Sector long. 


The 4Base ICA is MRS structured, and its MRS Type Identifier is 5. 


Contents of the 4Base ICA 


The contents of NBYTES#(1..17) of the 4Base ICA are identical to the contents of 
NBYTES#(1..17) of the IP-ICA of the Image Pack (see IV.3.4). 
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3.13 4Base Line Pointer Table - MRS 

The 4Base Line Pointer Table in MRS format (4Base LPT-MRS) component contains 
the starting points of Lines of the 4Base ICD. This gives a playback device random 
access to Lines of Pixel data. The 4Base LPT-MRS is intended to be used by simple 
microcontroller based playback devices, like the Photo CD player. 

The 4Base LPT-MRS is 2 Sectors long. 


The 4Base LPT-MRS is MRS structured, and its MRS Type Identifiers are both 6. 


Fig. IV.14 Structure and entries of the 4Base LPT-MRS 





Sector Offset of Line Y, 
Sector Offset of Line Y, 
Sector Offset of Line Y, 














Sector Offset of Line Yos 








Sector Offset of Line Y 40, 








Sector Offset of Line Y 


nnnn 


Each of these 256 fields occupies 2 NBYTES. 

- Each field contains the physical Sector Header address offset (including any 
interleaved Sectors) for the Sector that contains the first bit of the Line pointed to. 
The first bit of a Line is the first bit of the Line Delimiter (see IV.3.16). 

- The Sector Header address offsets are relative to the 4Base ICA. 

They are binary coded. 
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3.14 4Base Line Pointer Table 

The 4Base Line Pointer Table (4Base LPT) component contains the starting points of 
Lines of the 4Base ICD. This gives a playback device random access to Lines of 
Pixel data. The 4Base LPT is intended to be used by computer based playback 
systems, like CD-I and CD-ROM XA. 


The 4Base LPT occupies 1 Data Sector in Mode 2 Form 1. 


Fig. |5 Structure and entries of the 4Base LPT 





Sector Offset of Line Y, 
Sector Offset of Line Y, 
Sector Offset of Line Y, 














Sector Offset of Line Yos 





Sector Offset of Line Yj 5, 











Reserved Bytes 





Sector Offset of Line Ynnn 
- Each of these 256 fields occupies 2 bytes. 

- Each field contains the physical Sector Header address offset (including any 
interleaved Sectors) for the Sector that contains the first bit of the Line pointed to. 
The first bit of a Line is the first bit of the Line Delimiter (see IV.3.16). 

The Sector Header address offsets are relative to the 4Base ICA. 

They are binary coded. 


Reserved Bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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3.15 4Base Huffman Code Table 


The 4Base Huffman Code Table (4Base HCT) component contains the Huffman Code 
Table for decoding the 4Base ICD, see Fig. IV.17-20. 


The 4Base HCT occupies 1 Data Sector in Mode 2 Form 1. 


Description of the 4Base HCT 


The 4Base HCT contains the table that gives the decoded value for each Huffman 
codeword. The Huffman codewords represent the quantized Pixel residuals contained 
in the 4Base ICD of the Image Pack. 


The 4Base HCT is selected from the set of four predefined Huffman Code Tables for 
the four classes of source material (see IV.2.6). The table selection takes place at 
encoding time. 


All the tables use the same set of Huffman codewords but the decoded values differ. 


The identity of the selected 4Base HCT is also given in all the ICAs and ICls of the 
Image Pack. 


The 4Base HCT contains 46 Huffman codewords with a minimum length of 2 bits and 
a maximum length of 12 bits. 


The set of Huffman codewords is constructed in such a way that a concatenation of 
codewords or codewords with the Line Sequence Number can never result in the Line 
Delimiter value (see IV.3.16). 
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Fig |V.16 Structure and entries of the 4Base HCT 





























Number of entries 

Length #1 Codeword #1 Residual #1 
Length #2 Codeword #2 Residual #2 
Length #46 Codeword #46 Residual #46 
Reserved Bytes 








The codewords in the 4Base HCT are sorted in order of increasing length. 


Number of entries 


- This field occupies byte#1. 


- It contains the number of Huffman codewords in the table, minus 1. 


- The value of this field is 45 for all 4Base HCTs. 


The number of Huffman codewords is 46. 


- It is binary coded. 


Length #(1..46) 


- These fields each occupy 1 byte. 
- Each contains the length in bits, minus 1, of the Huffman codeword. 
- The values of these fields range 1..11. 

The Huffman codeword length ranges 2..12. 


- They are binary coded. 


Codeword #(1..46) 


- These fields each occupy 2 bytes. 
- Each contains a Huffman codeword. 
- Each codeword is starting left and padded with zeros. 
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Residual #(1..46) 

- These fields each occupy 1 byte. 

- Each contains the residual value associated with the Huffman codeword. 
- Each is two’s complement coded. 


Reserved Bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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Fig. |V.17 4Base HCT Class 1 








45 
2 00 0 
3 011 -1 
3 010 1 
3 101 ee) 
3 110 2 
4 1000 -3 
4 1110 3 
5 10011 -4 
5 11110 4 
6 100101 -5 
6 111110 5 
7 1001000 -6 
7 1111110 6 
8 10010011 -8 
8 11111110 8 
12 100100100000 -10 
12 111111110000 10 
12 100100100001 -12 
12 111111110001 12 
12 100100100010 -14 
12 111111110010 14 
12 100100100011 -16 
12 111111110011 16 
12 100100100100 -18 
12 111111110100 18 
12 100100100101 -20 
12 111111110101 20 
12 100100100110 -22 
12 111111110110 22 
12 100100100111 -24 
12 111111110111 24 
12 100100101000 -27 
12 111111111000 27 
12 100100101001 -30 
12 111111111001 30 
12 100100101010 -33 
12 111111111010 33 
12 100100101011 -36 
12 111111111011 36 
12 100100101100 -39 
12 111111111100 39 
12 100100101101 -42 
12 111111111101 42 
12 100100101110 -45 
12 111111111110 45 
12 100100101111 -48 














Reserved Bytes 








For easy readability, the codeword fields do not show the padding of the remaining 
bits with zeros. The table is structured according to Fig. IV.16. 
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Fig. |V.18 4Base HCT Class 2 








45 
2 00 0 
3 011 -1 
3 010 1 
3 101 -2 
3 110 2 
4 1000 -3 
4 1110 3 
5 10011 -4 
5 11110 4 
6 100101 -5 
6 111110 5 
7 1001000 -6 
7 1111110 6 
8 10010011 -8 
8 11111110 8 

12 100100100000 -10 
12 111111110000 10 
12 100100100001 -12 
12 111111110001 12 
12 100100100010 -14 
12 111111110010 14 
12 100100100011 -16 
12 111111110011 16 
12 100100100100 -19 
12 111111110100 19 
12 100100100101 -22 
12 111111110101 22 
12 100100100110 -25 
12 111111110110 25 
12 100100100111 -29 
12 111111110111 29 
12 100100101000 -33 
12 111111111000 33 
12 100100101001 -38 
12 111111111001 38 
12 100100101010 -43 
12 111111111010 43 
12 100100101011 -48 
12 111111111011 48 
12 100100101100 -53 
12 111111111100 53 
12 100100101101 -58 
12 111111111101 58 
12 100100101110 -63 
12 111111111110 63 
12 100100101111 -64 














Reserved Bytes 








For easy readability, the codeword fields do not show the padding of the remaining 
bits with zeros. The table is structured according to Fig. IV.16. 
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Fig. |V.19 4Base HCT Class 3 








45 
2 00 0 
3 011 -1 
3 010 1 
3 101 -2 
3 110 2 
4 1000 -3 
4 1110 3 
5 10011 -4 
5 11110 4 
6 100101 -5 
6 111110 5 
7 1001000 -6 
7 1111110 6 
8 10010011 -8 
8 11111110 8 
12 100100100000 -12 
12 111111110000 12 
12 100100100001 -18 
12 111111110001 18 
12 100100100010 -24 
12 111111110010 24 
12 100100100011 -32 
12 111111110011 32 
12 100100100100 -40 
12 111111110100 40 
12 100100100101 -48 
12 111111110101 48 
12 100100100110 -56 
12 111111110110 56 
12 100100100111 -64 
12 111111110111 64 
12 100100101000 -72 
12 111111111000 72 
12 100100101001 -80 
12 111111111001 80 
12 100100101010 -88 
12 111111111010 88 
12 100100101011 -96 
12 111111111011 96 
12 100100101100 -104 
12 111111111100 -104 
12 100100101101 -112 
12 111111111101 112 
12 100100101110 -120 
12 111111111110 120 
12 100100101111 -128 














Reserved Bytes 








For easy readability, the codeword fields do not show the padding of the remaining 
bits with zeros. The table is structured according to Fig. IV.16. 
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Fig. |\V.20 4Base HCT Class 4 








45 
2 00 0 
3 011 -2 
3 010 2 
3 101 -6 
3 110 6 
4 1000 -12 
4 1110 12 
5 10011 -18 
5 11110 18 
6 100101 -24 
6 111110 24 
7 1001000 -30 
7 1111110 30 
8 10010011 -36 
8 11111110 36 
12 100100100000 -42 
12 111111110000 42 
12 100100100001 -48 
12 111111110001 48 
12 100100100010 -54 
12 111111110010 54 
12 100100100011 -60 
12 111111110011 60 
12 100100100100 -66 
12 111111110100 66 
12 100100100101 -72 
12 111111110101 72 
12 100100100110 -78 
12 111111110110 78 
12 100100100111 -84 
12 111111110111 84 
12 100100101000 -90 
12 111111111000 90 
12 100100101001 - 96 
12 111111111001 96 
12 100100101010 -102 
12 111111111010 102 
12 100100101011 -108 
12 111111111011 108 
12 100100101100 -114 
12 111111111100 114 
12 100100101101 -120 
12 111111111101 120 
12 100100101110 -126 
12 111111111110 126 
12 100100101111 -128 














Reserved Bytes 








For easy readability, the codeword fields do not show the padding of the remaining 


bits with zeros. The table is structured according to Fig. IV.16. 
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3.16 4Base Image Component Data 


The 4Base Image Component Data (4Base ICD) component contains the Huffman 
encoded and quantized Pixel residual data. 


The Pixel resolution of the 4Base ICD is 1536 X 1024 = 1536 KPixels. 


Size in Pixels of the luminance and chrominance arrays 


Y : 1536 KPixels 
C1 : not present (Base or 16Base C1-data to be used) 
C2 : not present (Base or 16Base C2-data to be used) 


Average size in bytes of the luminance and chrominance arrays 


The size of the Image Pack varies due to the variable rate nature of the Huffman 
code. 


Y : 1536 X 1024 X ~4/8 = ~786432 bytes 
C1 : 0 bytes 
C2 : 0 bytes 





Total = ~768432 bytes = ~768 Kbytes 


Data load time at 1X speed 

The load time given below applies to the 4Base ICD only. 

~768 Kbytes / (150 Kbytes / sec) = ~5.12 sec 

Note: This applies to non-interleaved files only; interleaving proportionally 
increases the loading time. 

Typical applications of the 4Base ICD 

- HDTV display 


- Zoom function on TV 
- Prints 
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Fig. IV.21 Structure and entries of the 4Base ICD 





























LD LSN(0) Y-Line #0 data 
LD LSN(1) Y-Line #1 data 
LD LSN(1023) Y-Line #1023 data 
LD LSN(1024) padded with zeros 





The 4Base ICD starts at a Sector boundary and occupies a whole number of Sectors. 
The 4Base ICD consists of Lines of luminance residual data only. 


The data consists of contiguous Huffman codewords. The bit ordering of the 
codewords is identical to the bit ordering in the 4Base HCT; from left to right. 


Each Line starts with a Line Delimiter (LD) followed by a Line Sequence Number (LSN 
(Line number)). These are used for synchronization. 


The LD is a synchronization pattern with a value that can never occur anywhere else 
in the 4Base ICD. Thus, the concatenation of codewords or of codewords with the 
LSN can never result in the LD value. 

The LD value is $FFFFFE: 23 ones followed by 1 zero. 


The LSN is composed of 4 zeros, followed by the Line number, which is binary coded 
in 11 bits, followed by 1 zero. 


At the end of the 4Base ICD, any bits remaining up to the end of the last Sector are 
padded with zeros. 


The LSNs, LDs, Lines and any zeros are neither byte aligned, nor Sector aligned. 
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3.17 16Base Image Component Attributes 

The 16Base Image Component Attributes (16Base ICA) component contains the 
attributes that refer to the 16Base ICD. The 16Base ICA is intended for use by simple 
microcontroller based playback systems, such as the Photo CD player. 

The 16Base ICA is 1 Sector long. 


The 16Base ICA is MRS structured, and its MRS Type Identifier is 5. 


Contents of the 16Base ICA 


The contents of NBYTES#(1..17) of the 16Base ICA are identical to the contents of 
NBYTES#(1..17) of the IP-ICA of the Image Pack (see IV.3.4). 
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3.18 16Base Line Pointer Table - MRS 

The 16Base Line Pointer Table in MRS format (16Base LPT-MRS) component is the 
collection of the starting points of the Lines of the 16Base ICD. This gives a playback 
device random access to Lines of Pixel data. The 16Base LPT-MRS is intended to 
be used by simple microcontroller based playback devices, like the Photo CD player. 
The 16Base LPT-MRS is 9 Sectors long. 


The 16Base LPT-MRS is MRS structured, and its MRS Type Identifiers are all 6. 


Fig. IV.22 Structure and entries of the 16Base LPT-MRS 





Sector Offset of Line Y, 
Sector Offset of Line C1, 
Sector Offset of Line Y, 
Sector Offset of Line C1, 
Sector Offset of Line Y, 
Sector Offset of Line C1, 























Sector Offset of Line Y5o44 





Sector Offset of Line C1.544 





Sector Offset of Line Yao4, 





Sector Offset of Line C1346 
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Sector Offset of Lines Y nnn & Clann 


- Each of these 2048 fields occupies 2 NBYTES. 

- Each contains the physical Sector Header address offset (including any interleaved 
Sectors) of the Sector that contains the first bit of the Line pointed to. The first bit 
of a Line is the first bit of the Line Delimiter (see IV.3.21). 

- The Sector Header address offsets are relative to the 16Base ICA. 

- They are binary coded. 
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3.19 16Base Line Pointer Table 

The 16Base Line Pointer Table (16Base LPT) is the collection of the starting points 
of the Lines of the 16Base ICD. This gives a playback device random access to Lines 
of Pixel data. The 16Base LPT is intended to be used by computer based playback 
systems, like CD-I and CD-ROM XA. 


The 16Base LPT occupies 2 Data Sectors in Mode 2 Form 1. 


Fig. IV.23 Structure and entries of the 16Base LPT 





Sector Offset of Line Y, 





Sector Offset of Line C1, 
Sector Offset of Line Y, 
Sector Offset of Line C1, 
Sector Offset of Line Y, 














Sector Offset of Line C1, 








Sector Offset of Line Yoo44 





Sector Offset of Line C1944 





Sector Offset of Line Yo46 





Sector Offset of Line C1346 











Reserved Bytes 








Copyright CONFIDENTIAL IV-63 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.3 Image Packs 





Sector Offset of Line Y nnn & Clannn 

- Each of these 2048 fields occupies 2 BYTES. 

- Each contains the physical Sector Header address offset (including any interleaved 
Sectors) of the Sector that contains the first bit of the Line pointed to. The first bit 
of a Line is the first bit of the Line Delimiter (see IV.3.21). 

- The Sector Header address offsets are relative to the 16Base ICA. 

- They are binary coded. 


Reserved Bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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3.20 16Base Huffman Code Table 


The 16Base Huffman Code Table (16Base HCT) component contains the Huffman 
Code Table for the 16Base ICD. 


The 16Base HCT occupies 2 Data Sectors in Mode 2 Form 1. 


Description of the 16Base HCT 


The 16Base HCT contains 3 tables: one for Y, one for C1 and one for C2, which give 
the value for each Huffman codeword. The Huffman codewords represent the 
quantized Pixel residuals contained in the 16Base ICD of the Image Pack. 


These 3 tables are composed at encoding time, depending on the characteristics of 
the image to be encoded. 


Each of the 3 tables can contain a maximum of 256 Huffman codewords with a 
minimum length of 1 bit and a maximum length of 16 bits. 


The set of Huffman codewords is constructed in such a way that a concatenation of 
codewords or of codewords with the Line Sequence Number can never result in the 
Line Delimiter value (see IV.3.21). 


The rules for constructing the codebook therefore are: 


(1) codewords with a length < 12 contain at least 1 zero. 
(2) a codeword never begins or ends with more than 11 consecutive ones. 
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Fig. |V.24 Structure and entries of the 16Base HCT 





Number of entries for the Y-table 














Y-length #1 Y-codeword #1 Y-residual #1 
Y-length #2 Y-codeword #2 Y-residual #2 
Y-length #last Y-codeword #last Y-residual #last 





Number of entries for the C1-table 









































C1-length #1 C1-codeword #1 C1-residual #1 
Ci-length #2 C1-codeword #2 C1-residual #2 
C1-length #last C1-codeword #last C1-residual #last 
Number of entries for the C2-table 

C2-length #1 C2-codeword #1 C2-residual #1 
C2-length #2 C2-codeword #2 C2-residual #2 
C2-length #last C2-codeword #last C2-residual #last 





Extended Precision Table 











Reserved bytes 





The Y-, C1- and C2- prefixes denote the table to which the fields belong. 
The codewords in each table of the 16Base HCT are sorted in order of increasing 
length. 
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Number of entries for the Y, C1 and C2 tables 


- These fields each occupy 1 byte. 

- Each contains the number of Huffman codewords in the associated table, minus 
1. 

- The values of these fields range 0..255. 
The number of Huffman codewords ranges 1..256. 

- These fields are binary coded. 


Length #(1..last) 


- These fields each occupy 1 byte. 
- Each contains the length in bits, minus 1, of the Huffman codeword. 
- The value of this field ranges 0..15. 
The Huffman codeword length ranges 1..16. 
- These fields are binary coded. 


Codeword #(1..last) 

- These fields each occupy 2 bytes. 

- Each field contains a Huffman codeword. 

- Each Codeword is starting left and padded with zeros. 
Residual #(1..last) 

- These fields each occupy 1 byte. 


- Each contains the residual value associated with the Huffman codeword. 
- Each is two’s complement binary coded. 
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Extended Precision Table 


The Extended Precision Table (EPT) can supply additional bit resolution beyond that 
given by the Y-, C1- and C2-residuals. 


Fig. IV.25 Structure and entries of the EPT 





EPT Descriptor 
EPT Y-residual #1 
EPT Y-residual #2 














EPT Y-residual #last 
EPT C1-residual #1 
EPT C1-residual #2 














EPT C1-residual #last 
EPT C2-residual #1 
EPT C2-residual #2 














EPT C2-residual #last 





Reserved bytes 
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The EPT gives additional bit resolution, after the decimal point of the 8-bit integers 
contained in the Y-residual#(1..last), C1-residual#(1..last) and C2-residual#(1..last) 
fields of the 16Base HCT. 


Use of the EPT to provide additional bit resolution is recommended, although storage 
of all zeros for EPT Residuals#(1..last) is allowed. 


EPT Descriptor 


- This field occupies 1 byte 
- It indicates the status of the Y, C1 and C2 sections of the EPT. 
- It is coded as follows: 
- bits#(7..3) are reserved for future use and provisionally set to %00000 
- bit#2 = %0 : EPT C2-residual#(1..last) = 0 
- bit#2 = %1 : EPT C2-residual#(1..last) + 0 
- bit#1 = %0 : EPT C1-residual#(1..last) = 0 
- bit#1 = %1 : EPT C1-residual#(1..last) + 0 
- bit#0 = %0 : EPT Y-residual#(1..last) =0 


- bit#0 = %1 : EPT Y-residual#(1..last) #0 


EPT Residual #(1..last) 


- These fields each occupy 1 byte 

- The EPT Y-residual#(1..last), EPT Ct1-residual#(1..last) and EPT C2- 
residual#(1..last) give the fractional values to be added to the Y-residual#(1..last), 
C1-residual#(1..last) and C2-residual#(1..last) respectively. 

- The number of EPT Y, C1 and C2 residuals equals the number of Y, C1 and C2 
residuals respectively. The ordering of the EPT residuals is identical to that of the 
residuals in the Y, C1 and C2 tables. 

- The coding of each EPT residual is: 

- bit#7 = sign bit : %1 = negative; %0 = positive 


- bit#6 = magnitude x 1/2; positive logic 
- bit#5 = magnitude x 1/4; positive logic 
- bit#4 = magnitude x 1/8; positive logic 


- bit#3 = magnitude x 1/16; positive logic 
- bit#2 = magnitude x 1/32; positive logic 
- bit#1 = magnitude x 1/64; positive logic 
- bit#0 = magnitude x 1/128; positive logic 
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Reserved bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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3.21 16Base Image Component Data 


The 16Base Image Component Data (16Base ICD) component contains the Huffman 
encoded and quantized Pixel residual data. 


The Pixel resolution of the 16Base ICD is 3072 X 2048 = 6144 KPixels. 


Size in Pixels of the luminance and chrominance arrays 


Y :6144 KPixels 
C1 : 1536 KPixels 
C2 : 1536 KPixels 


Average size in bytes of the luminance and chrominance arrays 


The size of the Image Pack varies due to the variable rate nature of the Huffman 
code. 


Y : 3072 X 2048 X ~2.5/8 = ~1966080 bytes 
C1 : 1536 X 1024 X ~2.5/8 = ~ 491520 bytes 
C2 : 1536 X 1024 X ~2.5/8 = ~ 491520 bytes 





Total = ~2949120 bytes = ~2880 Kbytes 


Data load time at 1X speed 

The load time given below applies to the 16Base ICD only 

~2880 Kbytes / (150 Kbytes / sec) = ~19.2 sec 

Note: This applies to non-interleaved files only; interleaving proportionally 
increases the loading time. 


Typical applications of the 16Base ICD 


- Large, high resolution prints. 
- Zoom function on TV and HDTV. 
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Fig. IV.26 Structure and entries of the 16Base ICD 


















































LD LSN(00,0) Y-Line #0 data 

LD LSN(00,1) Y-line #1 data 

LD LSN(00,2047) Y-Line #2047 data 
LD LSN(10,0) C1-Line #0 data 

LD LSN(11,0) C2-Line #0 data 

LD LSN(10,2) Ci-Line #2 data 

LD LSN(11,2) C2-Line #2 data 

LD LSN(10,2046) C1-Line #2046 data 
LD LSN(11,2046) C2-Line #2046 data 
LD LSN(11,2048) padded with zeros 





The 16Base ICD starts at a Sector boundary and occupies a whole number of Sectors. 


The 16Base ICD consists of Lines of luminance residual data and Lines of both types 
of chrominance residual data. 


The data consists of contiguous Huffman codewords. The bit ordering of the 
codewords is identical to the bit ordering in the 16Base HCT; from left to right. 


Each Line starts with a Line Delimiter (LD) followed by the Line Sequence Number 
(LSN (Line type, Line number)). These are used for synchronization. 
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The LD is a synchronization pattern with a value that can never occur anywhere else 
in the 16Base ICD. Thus, the concatenation of codewords or of codewords with the 
LSN can never result in the LD value. 


The LD value is $FFFFFE: 23 ones followed by 1 zero. 


The LSN is composed of 2 bits that denote the Line type, followed by 1 zero, followed 
by the Line number, which is binary coded in 12 bits, followed by 1 zero. 


The Line type is coded as follows: 
%00 for a Y-line 

%10 for a C1-line 

%11 for a C2-line 

%01 is reserved for future use 


At the end of the 16Base ICD, any bits remaining up to the end of the last Sector are 
padded with zeros. 


The LSNs, LDs, Lines and any zeros are neither byte aligned, nor Sector aligned. 
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3.22 Image Pack Extension 


The Image Pack Extension (IPE) component is reserved for future use, and will not 
be present when not used. 


Its Subheader Channel Number is not allowed to be 16..21. 
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IV.4 Overview Pack 


4.1 General 


Overview Pack 

An Overview Pack is the collection of the lowest resolution (Base/16) ICDs of all the 
Image Packs on the disc, up to and including the Session in which the Overview Pack 
resides, together with associated attributes. 


A new Overview Pack is compiled for every Session that adds new images. 


Overview Pack Data Sectors are in Mode 2 Form 1. 


Interleaving 


Overview Pack Data Sectors are not interleaved with Data Sectors of other types. 


Typical applications 


- Fast browse through images on disc. 
- (Multiple) Picture-In-Picture. 
- Prints. 
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4.2 Structure and entries of the Overview Pack 













































































Fig. |V.27.a Component Structure Fig. IV.27.> Component Data 
CN SM Cl LT FM 

OPA 0 $08 $00 1 - 
OPA-MRS 0 $08 $00 4 MRS 
Base/16 OCD #1 1 $02 $80 18 - 
Base/16 OCD #2 1 $02 $80 18 - 
Base/16 OCD #last 1 $02 | $80 18 - 
OPE 1 1 1 1 1 

"See IV.4.7. 


Figure IV.27.a gives all the possible components within the Overview Pack. 
Figure IV.27.b gives Subheader values, length and structure information about the 
components. 


Key to abbreviations used in Figure IV.27.b: 
CN Subheader Channel Number 

SM Subheader Submode 

Cl Subheader Coding Information 

LT = Length of the component, in Sectors 
FM Component format (MRS or not) 


The OPE (Overview Pack Extension) is reserved for future use, and will not be present 
when not used. 


The Subheader Submode above is given with the End Of File, End Of Record and 
Trigger bits set to 0 (see IV.4.3). 





Copyright CONFIDENTIAL IV-76 
January 1992 


System Description Photo CD 
Chapter IV Image Data Representations 


IV.4 Overview Pack 





4.3 Subheader Coding of the Overview Pack 


Overview Pack Subheader File Number 


The File Number for all Sectors of the Overview Pack is 1. 


Overview Pack Subheader Channel Number 


The Channel Number marks the type of component within the Overview Pack. It is 
coded in all the Sectors of the corresponding component. It ranges 0..31. 


Overview Pack Subheader Submode 


The Submode is coded as Video for OCD Sectors, and as Data for other Sectors; 
OPA Sectors are currently not defined. 


In Figure IV.27.b, the Submode is given with the End Of File, End Of Record and 
Trigger bits set to 0. However, the actual state of these bits depends on the 
conditions below: 


EOF : This bit is 1 for the last Sector of a file, otherwise it is 0. 

EOR : This bit is 1 for the last Sector of a logical record, otherwise it is 0. 

Trigger : This bit is 1 to generate an interrupt to synchronize the application with 
various coding information. Otherwise, this bit is 0. 


Overview Pack Subheader Coding Information 


The Coding Information is coded as Application Specific Video for OCD Sectors, and 
as Data for other Sectors; OPA Sectors are currently not defined. 
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4.4 Overview Pack Attributes 

The Overview Pack Attributes (OPA) component contains the attributes associated 
with the components of the Overview Pack. The OPA is intended to be used by 
computer based playback systems, like CD-I and CD-ROM XA. 


The OPA occupies 1 Sector in Mode 2 Form 1. 


Fig. IV.28 Structure and entries of the OPA 





OPA Signature 





Specification Version Number 
OPA Descriptor 

Number of OCDs 

Attributes Base/16 OCD #1 
Attributes Base/16 OCD #2 




















Attributes Base/16 OCD #last 





Reserved Bytes 











OPA Signature 


- This field occupies bytes#(1..7). 
- It contains "PCD_OPA". 

- Itis ISO 646 coded. 

- It identifies the OPA. 
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Specification Version Number 


- This field occupies bytes#(8..9). 

- It gives the version number of the specification. 

- Itis binary coded. The most significant byte gives the major version number (the 
number before the decimal point), the least significant byte gives the minor version 
number (the number after the decimal point). The decimal point itself is not coded. 

- The Specification Version Number is also stored in the IPI (see IV.3.5.1), in the 
INFO.PCD file (see III.2.3) and in the DDT (see III.3.1.2). 


OPA Descriptor 


- This field occupies byte#10. 
- It describes the OPA. 
- bits#(7..1) are reserved for further use, and provisionally set to %0000000 
- bit#0 = %0 means that the OPE is not present 
bit#0 = %1 means that the OPE is present 


Number of OCDs 
- This field occupies bytes#(11..12). 


- It gives the number of Base/16 OCDs present in the Overview Pack. 
- Itis binary coded. 
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Attributes Base/16 OCD #(1..last) 


This field occupies as many bytes as there are Base/16 OCDs in the Overview 

Pack, starting with byte#13. 

It gives the attributes entries for each Base/16 OCD in the Overview Pack. 

There are as many entries as there are Base/16 OCDs in the Overview Pack. 

The ordering of the Attributes Base/16 OCD #(1..last) is the same as the ordering 

of the Image Numbers of the corresponding Image Packs. 

Each entry occupies 1 byte. 

Contents of the attributes entries are as follows: 

- hbits#(7..2) of each byte are reserved for future use, and provisionally set to 
%000000. 

- bits#(1..0) of each byte give the required image rotation on the display, in steps 
of 90 degrees. 


%00 means 0 degrees CCW image rotation 
%01 means + 90 degrees CCW image rotation 
%10 means +180 degrees CCW image rotation 
%11 means +270 degrees CCW image rotation 


Reserved Bytes 


These bytes pad the remainder of the Sector. They are intended for future use and 
provisionally set to $00. 
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4.5 Overview Pack Attributes - MRS 

The Overview Pack Attributes in MRS format (OPA-MRS) component contains the 
attributes associated with the components of the Overview Pack. The OPA-MRS is 
intended to be used by simple microcontroller based playback devices, like the Photo 
CD player. 

The OPA-MRS is 4 Sectors long. 


The OPA-MRS is MRS structured, and all its MRS type identifiers are 4. 


Fig. IV.29 Structure and entries of the OPA-MRS 





OPA Descriptor 

Number of OCDs 
Attributes Base/16 OCD #1 
Attributes Base/16 OCD #2 

















Attributes Base/16 OCD #last 











OPA Descriptor 


- This field occupies NBYTE#1 of the first Sector of the OPA-MRS. 
- It describes the OPA-MRS. 
- bits#(7..1) are reserved for future use, and provisionally set to %0000000. 
- bit#0 =%0 means that the OPE is not present 
bit#0 = %1 means that the OPE is present 
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Number of OCD’s 


- This field occupies NBYTES#(2..3) of the first Sector of the OPA-MRS. 
- It gives the number of Base/16 OCDs present in the Overview Pack. 
- Itis binary coded. 


Attributes Base/16 OCD #(1..last) 


- Each of these fields occupies one quarter of an NBYTE. Attributes Base/16 OCD 
#1 starts at NBYTE#4 where NBYTE#4 applies to the first Sector of the OPA-MRS. 

- There is 1 Attributes Base/16 OCD for every Base/16 OCD in the Overview Pack. 

- The Attributes Base/16 OCD #(1..last) ordering corresponds to ordering of the 
Image Numbers of the corresponding Image Packs. 

- Each gives the required rotation on the display in steps of 90 degrees. 

- The first entry is placed in NBYTE#4 bits#(1..0); the second entry in bits#(3..2); the 
third entry in bits#(5..4) and the fourth entry in bits#(7..6). The entries continue in 
the following NBYTES. 

- The bit pairs, denoted as bits#(H..L), are coded as : 

- %00 means 0 degrees CCW image rotation 
- %01 means + 90 degrees CCW image rotation 
- %10 means +180 degrees CCW image rotation 
- %11 means +270 degrees CCW image rotation 
- Any remaining bits of the last NBYTE used are padded with zeros. 
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4.6 Base/16 Overview Component Data 


The Base/16 Overview Pack Component Data (Base/16 OCD) #(1..last) component 
contains copies of the Base/16 ICDs of all the Image Packs on the disc. 


Their order conforms to the Image Numbers of the corresponding Image Packs, 
starting at 1 and incrementing by 1. 
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4.7 Overview Pack Extension 


The Overview Pack Extension (OPE) component is reserved for future use, and will 
not be present when not used. 


Its Subheader Channel Number is not allowed to be 1. 
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IV.5 Startup Image 


The Startup Image is optional. It can contain information such as a disc logo or a 
copyright message. This information can be displayed by the playback device at 
power-up when the disc is present, or whenever the disc is inserted. 


The Startup Image is pointed to by the STARTUP.PCD file in the file structure (see 
IIl.2.2) and by the Startup Image Start Time field in the DDT (see III.3.1.2). 


The Startup Image conforms to the same rules as an Image Pack with the following 
exceptions: 

- Its Subheader File Number equals 2 

- Its Image Number equals 0 

- It is not present in the Overview Pack 

- It is not present in the Image Pointer Table 
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V.1 General 


The ADPCM Sequence provides simultaneous audio and related images in the Photo 
CD system. 


This is accomplished through the use of interleaved ADPCM (compressed) audio 
conforming to the CD-ROM XA System Description. 


The audio is recorded in ADPCM Audio Sectors using ADPCM level B or C in mono 
or stereo. 
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V.2 Format 
- The Subheader File Number is the same for all Sectors in the ADPCM Sequence. 


- | The ADPCM Sequence may contain several audio channels but only one channel 
is selected at a time for playback. 

- The Image Packs are fully part of the ADPCM sequence. 

- The interleaving Ratio for Video Sectors is constant for the whole ADPCM 
Sequence. This maintains compatibility with playback devices that do not filter 
on the Subheader value. Thus, it may be necessary to insert Empty Sectors to 
obtain the constant ratio. 

- Trigger bits in the Subheader are used to synchronise the ADPCM audio 
playback with the display of Image Packs. The Trigger bit marks the intended 
point at which the image should be displayed. 

- The Trigger bit for an Image Pack is set in one Sector after the Base Image 
Component but before the beginning of the next Image Pack. 

- The Sector containing the Trigger bit is stored in the same ADPCM Sequence as 
the corresponding Image Pack. 

- The last sector of an ADPCM Sequence has the Subheader End-of-File bit set. 
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Appendix | Glossary of Terms 

Note: This appendix is not normative, but for information only. 

16Base Image Component: The Image Component part of the Image Pack with the 
highest Pixel resolution of 3072 x 2048. See IV.2.1, IV.2.6, IV.3.1. 


4Base Image Component: The Image Component part of the Image Pack with a 
Pixel resolution of 1536 x 1024. See IV.2.1, IV.2.6, IV.3.1. 


ADPCM Sequence: A contiguous set of ADPCM Sectors, interleaved with Image 
Packs. See V. 


Base Image Component: The Image Component part of the Image Pack with a Pixel 
resolution of 768 x 512. See IV.2.1, IV.2.6, IV.3.1. 


Base/4 Image Component: The Image Component part of the Image Pack with a 
Pixel resolution of 384 x 256. See IV.2.1, IV.2.6, IV.3.1. 


Base/16 Image Component: The Image Component part of the Image Pack with the 
lowest Pixel resolution of 192 x 128. See IV.2.1, IV.2.6, IV.3.1. 


C: The color difference chrominance component of a video signal, consisting of C1 + 
C2. See IV.2.1. 


CD-DA Clip: A CD-DA Clip is a piece of CD-DA that is identified by a start pointer 
and a stop pointer. Any CD-DA Clips can be composed of one or more CD-DA Clips. 
See 1I.3.2.4. 

CCW: Counter Clock Wise rotation. 


C1: The color difference signal that is a function of the blue primary color signal minus 
the luminance signal. See IV.2.1, IV.2.5. 


C2: The color difference signal that is a function of the red primary color signal minus 
the luminance signal. See IV.2.1, IV.2.5. 


DDT: See Disc Description Table. 


Disc Description Table: The part of the Index Table that contains information specific 
to the Photo CD disc itself. It describes the whole disc. See III.3.1.2. 
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Gap: A pre-gap according to the CD-WO system description. See II.3.2. 
GMT: Greenwich Mean Time. Equivalent to UTC. 
HCT: See Huffman Coding Table 


Huffman Coding Table: The Huffman coding table gives the residual value for each 
Huffman codeword, in order to decode the residual coded Image Component Data. 
This is present in the Image Pack. There exist a 4Base HCT and a 16Base HCT. 
See IV.2.6.1, IV.2.6.2, IV.3.15 and IV.3.20. 


Huffman Coding: A variable length compression code that takes account of statistical 
distribution and assigns the shorter codewords to the most frequent messages. 


ICA: See Image Component Attributes. 
ICD: See Image Component Data. 
ICI: See Image Component Information. 


Image Component: The part of an Image Pack that contains the data and attributes 
that represent one single resolution of an image. There are 5 Image Component 
types: Base/16, Base/4, Base, 4Base and 16Base. See 14.2.1, IV.2.6, IV.3.1. 


Image Component Attributes: The part of an Image Pack that contains the attributes 
associated with an Image Component. There are 5 Image Component Attribute types: 
Base/16, Base/4, Base, 4Base and 16Base. See IV.3.6, IV.3.8, IV.3.10, IV.3.12 and 
IV.3.17. 


Image Component Data: The part of an Image Pack that contains the data that 
represents one single resolution of an image. There are 5 Image Component Data 
types: Base/16, Base/4, Base, 4Base and 16 Base. See IV.3.7, IV.3.9, IV.3.11, 
IV.3.16 and IV.3.21. 


Image Component Information: The part of an Image Pack that contains the 
attributes information referring to the corresponding Image Components. See IV.3.5.2. 


Image Number: The sequential number of an image on a disc, corresponding with the 
physical position of the Image Pack on the disc, starting at 1 and incrementing by 1 
for each succeeding Image Pack. See IV.3.1. 


Image Pack: The collection of all the data and attributes that represent one image. 
See IV.3. 
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Image Pack Attributes: The part of an Image Pack that contains general information 
about the Image Pack and the attributes for the Image Components of the Image 
Pack. See IV.3.5. 

Image Pack Extension: Reserved for future use. See IV.3.2, IV.3.3, IV.3.4, IV.3.22. 
Image Pack Information: The part of an Image Pack that contains information 
concerning the history of an Image Pack, such as photofinishing and other material 
source information. See IV.3.5.1. 

Image Pack - Image Component Attributes: The part of an Image Pack that 
contains the attributes associated with an Image Pack, structured in the Microcontroller 
Readable Sector format. See IV.3.4. 


Image Pointer Table: The part of an Index Table containing pointers to the start of 
of each Image Pack on the disc. See III.3.1.3. 


Index Table: Contains the data needed by simple microcontroller based playback 
systems, such as the Photo CD player, to access the data on the disc. See Ill.3.1. 


Index Table Continuation: Reserved for future use. See II.3.2.2. 

IPA: See Image Pack Attributes. 

IPE: See Image Pack Extension. 

IPI: See Image Pack Information. 

IPT: See Image Pointer Table. 

IP-ICA: See Image Pack - Image Component Attributes. 

LD: See Line Delimiter. 

Line: An image line, consisting of Pixel data. See IV.2.1, IV.2.2. 

Line Delimiter: A synchronisation pattern with a unique value that cannot be produced 
by concatenation, which precedes each Line of Pixel data in 4Base and 16Base ICDs. 


See 1V.3.16, IV.3.21. 


Line Pointer Table: The collection of the starting points of the Lines in 4Base and 
16Base Image Component Data. See IV.3.14, IV.3.19. 
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Line Pointer Table - MRS format: The collection of the starting points of the Lines 
in 4Base and 16Base Image Component Data, structured to conform to the 
Microcontroller Readable Sector format. See IV.3.13, IV.3.18. 


Line Sequence Number: The sequence number of a Line of Pixel data, which 
immediately follows the Line Delimiter. See IV.3.16, IV.3.21. 


LPT: See Line Pointer Table. 

LPT-MRS: See Line Pointer Table - MRS format. 

LSN: See Line Sequence Number. 

Microcontroller Readable Sectors: Data Sectors that contain the control data for 
Photo CD players. They have a structure optimized for easy readability by a simple 
microcontroller. See II.4. 


MRS: See Microcontroller Readable Sectors. 


NBYTE: A group of 4 contiguous bytes with identical contents, used in Microcontroller 
Readable Sectors to obtain a lower data rate. See II.4. 


OCD: See Overview Component Data. 

OPA: See Overview Pack Attributes. 

OPA-MRS: See Overview Pack Attributes - MRS format. 
OPE: See Overview Pack Extension. 


Overview Component Data: The part of an Overview Pack that contains copies of 
(Base/16) ICDs of all the images present on a disc. See IV.4.6. 


Overview Pack: The collection of the lowest resolution (Base/16) ICDs of all the 
Image Packs on a disc, up to and including the Session in which the Overview Pack 
resides, together with the associated attributes. See IV.4. 


Overview Pack Attributes: The part of an Overview Pack that contains the attributes 
associated with the components of the Overview Pack. See IV.4.4. 


Overview Pack Attributes - MRS format: The part of an Overview Pack that contains 
the attributes associated with the Overview Pack, structured to conform to the 
Microcontroller Readable Sector format. See IV.4.5. 
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Overview Pack Extension: Reserved for future use. See IV.4.7. 


Photo CD player: A playback device that is dedicated to play and decode Photo CD 
discs. 


Photo YCC: The color encoding system (color metric) used by Photo CD. See IV.2.5. 


Pixel: The smallest addressable element of an image. Photo CD pixels are square. 
See IV.2.1, IV.2.2. 


Play Sequence and Selection: An optional component that contains predefined play 
sequences and selection options. Structured to conform to the Microcontroller 
Readable Sector format. See IlI.3.2. 


PSS: See Play Sequence and Selection. 


Session: A part of a disc created during one recording period: a Volume according 
to the CD-WO system description. See II.2.1, II.2.2. 


UTC: Universal Time Code. Equivalent to GMT. 
Y: The luminance or brightness component of a video signal. See IV.2.1. 


Zero Index Sectors: Unused physical Sectors in the Index Table which are padded 
with dummy data. See III.3.1.1, IIl.3.1.4. 


ZIS: See Zero Index Sectors. 
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All.1 Introduction 





Appendix II Displayed Area on Soft Displays 

Note: This appendix is not normative, but for information only. 

All.1 Introduction 

The figures in this appendix show typical form factors that occur when Photo CD 


images are displayed on soft displays of different TV standards. 


The TV standards covered are: 








TV aspect total active active 
Standard ratio lines lines line time 
NTSC 4:3 525 485 52.605 us 
PAL 4:3 625 575 52.000 us 
HDNTSC 16:9 1050 970 ~ 26.200 us 
HDMAC 16:9 1250 1152 ~ 26.000 us 
HIVISION 16:9 1125 1035 ~ 24.000 us 























Notes concerning the figures: 


i The dimensions of the soft display borders and the image size as 
loaded into frame memory are properly scaled for display overscan 
ratios of 0, 5 and 10 %. 





j The solid line denotes the soft display screen borders 
= The broken line denotes the image size as loaded into frame memory 
z The pixels are square 
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* 


Not yet finalized 


The Pixel clock frequency=(aspect ratio)*(active lines)/(active line 


time) 








TV pixel clock 
Standard (MHz) 
NTSC 12.292875 
PAL 14.743590 
HDNTSC 65.818490' 
HDMAC 78.769231' 
HIVISION 76.666667' 
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All.2 Displayed Area for NTSC 


Fig. All.1 NTSC with 0% overscan 
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Fig. All.2 NTSC with 5% overscan 


Base 
Image 
L | Component 


Base 

Image 
| | Component 
ere ee | rotated 90 degrees 


Base/4 

Image 

Component 
rotated 90 degrees 





Copyright CONFIDENTIAL 
January 1992 


All-4 


System Description Photo CD 
Appendix II Displayed Area on Soft Displays 


All.2 Displayed Area for NTSC 





Fig. All.3 NTSC with 10% overscan 


Base 
Image 


L | E Component 


Base 
Image 
| | Component 
e j rotated 90 degrees 


Base/4 

Image 

Component 
rotated 90 degrees 





Copyright CONFIDENTIAL All-5 
January 1992 


System Description Photo CD 
Appendix II Displayed Area on Soft Displays 


All.3 Displayed Area for PAL 





All.3 Displayed Area for PAL 


Fig. All.4 PAL with 0% overscan 
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All.3 Displayed Area for PAL 





Fig. All.5 PAL with 5% overscan 
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All.3 Displayed Area for PAL 





Fig. All.6 PAL with 10% overscan 
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All.4 Displayed Area for HDNTSC 





All.4 Displayed Area for HDNTSC 


Fig. All.7 HDNTSC with 0% overscan 
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All.4 Displayed Area for HDNTSC 





Fig. All.8 HDNTSC with 5% overscan 
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All.4 Displayed Area for HDNTSC 





Fig. All.9 HDNTSC with 10% overscan 
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All.5 Displayed Area for HDMAC 


Fig. All.10 HDMAC with 0% overscan 
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Fig. All.11 HDMAC with 5% overscan 
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Fig. All.12 HDMAC with 10% overscan 
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All.6 Displayed Area for HIVISION 


Fig. All.13 HIVISION with 0% overscan 
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Fig. All.14 HIVISION with 5% overscan 
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Fig. All.15 HIVISION with 10% overscan 
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The following changes are introduced in version 0.5 


TABLE OF CONTENTS 





Page iii 2.6.5: "Composition" now reads "Recomposition" 
PREFACE 
Page 2 Introduction, Line 1: ’film" now reads "film-based" 

2 Digital Coding for Photo CD Images, para 1, line 2: "scheme" added 
after "coding" 

2 Digital Coding for Photo CD Images, para 3, line 1: "give them" now 
reads "deliver" 

2 Digital Coding for Photo CD Images, para 3, line 4: "called" now reads 
"referred to as" 

3 Digital Coding for Photo CD Images, para 4, line 2: now reads "for Photo 
CD images provides for very high image quality; but, for many uses, 
reading ..." 

3 Digital Coding for Photo CD Images, para 4, line 5: "for" added after 
"allow" 

3 Digital Coding for Photo CD Images, para 5, line 3: "called" now reads 
"referred to as" 

3 Digital Coding for Photo CD Images, para 6, line 4: comma added after 
"Instead" 

3 Digital Coding for Photo CD Images, para 6, lines 6-7: now read "original 
high-resolution image component; the result is referred to as a residual 
component" 

3 Digital Coding for Photo CD Images, para 8, line 1: "that has" now reads 
"component containing" 

3 Digital Coding for Photo CD Images, para 8, line 2: "is" deleted 
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PREFACE (continued) 


Page 3 


CHAPTER | 


Page l-3 


l-3 


l-3 


CHAPTER Il 


Digital Coding for Photo CD Images, para 8, line 3: now reads "exploits 
a property of the human visual system; the human eye is far less 
sensitive to fine ..." 


Digital Coding for Photo CD Images, para 9, line 1: "interpolation" 
deleted 


Digital Coding for Photo CD Images, para 9, line 5: "variable length 
coding such as .." added after "to" 


Format Compatibility and Hardware Requirements, line 1: "Envisioned" 
now reads "Implicit" 


Additional Features, line 2: "will allow" now reads "allows" 


Hex: "The most significant nibble is on the left, the least significant 
nibble is on the right" added at end 


Binary: "The most significant bit is on the left, the least significant bit is 
on the right" added at end 


Decimal: "The most significant digit is on the left, the least significant 
digit is on the right" added at end 


Entire Chapter, header: "Disc Format" now reads "General Disc Format" 





Page ll-2 Disc Application Code in the Subcode Q-channel Mode 5, line 2: 
"bits#(7..1)" now reads "bits#(1..7) 
Il-2 Disc Application Code in the Subcode Q-channel Mode 5, line 5: 
"Bits#(1..6) = %100000" now reads "Bits#(6..1) = %000001" 
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CHAPTER III 
Page Ill-3 Fig. Ill.14: RIGHTS directory added on right 
Ill-5 RIGHTS Directory paragraph added 
Ill-6 Figure III.2, line 6: "Images" now reads "Image Packs" 
Ill-6 Figure IIl.2, line 8: "Resolution" now reads "Resolution Order" 


IIl-8 "Number of Images on Disc" now reads "Number of Image Packs on 
Disc" 


Ill-8 Disc Interleave Ratio, line 6: "(0..3)" now reads "(3..0)" 

Ill-8 Disc Interleave Ratio, line 8: "(1..15)" now reads "%0001..1111" 
IIl-8 Disc Interleave Ratio, line 9: "(4..7)" now reads "(7..4)" 

Ill-8 Disc Interleave Ratio, line 10: "(0..15)" now reads "%0000..1111" 
IIl-8 Disc Interleave Ratio, line 11: "(0..3)" now reads "(3..0)" 

IIl-8 Disc Interleave Ratio, line 12: "(4..7)" now reads "(7..4)" 

Ill-8 Disc Interleave Ratio, line 15: "(0..3)" now reads "(3..0)" 

Ill-8 Disc Interleave Ratio, line 16: "(4..7)" now reads "(7..4)" 


Ill- "Disc Image Pack Resolution" now reads "Disc Image Pack Resolution 
Order" 


Ill- Disc Image Pack Resolution Order, line 6: "bits#(4..7) and bits#(0..3)" 
now reads "bits#(7..4) and bits#(3..0)" 


IIl-9 Disc Image Pack Resolution Order, last line: "%1111" now reads "1111" 
IIl-17 Fig. Ill.5, line 8: "Resolution" now reads "Resolution Order" 

IIl-19 Disc Interleave Ratio, line 6: "(0..3)" now reads "(3..0)" 

IIl-19 Disc Interleave Ratio, line 8: "1..15" now reads "%0001..1111" 


IIl-19 Disc Interleave Ratio, line 9: "(4..7)" now reads "(7..4)" 
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CHAPTER III (continued) 
Page Ill-19 Disc Interleave Ratio, line 11: "0..15" now reads "%0000..1111" 
IIl-19 Disc Interleave Ratio, line 12: "(0..3)" now reads "(3..0)" 
IIl-19 Disc Interleave Ratio, line 13: "(4..7)" now reads "(7..4)" 
Ill-19 Disc Interleave Ratio, line 16: "(0..3)" now reads "(3..0)" 
IIl-19 Disc Interleave Ratio, line 17: "(4..7)" now reads "(7..4)" 


IIl-20 "Disc Image Pack Resolution" now reads "Disc Image Pack Resolution 
Order" 


IIl-20 Disc Image Pack Resolution Order, line 4: "(4..7)" now reads "(7..4)" and 
"(0..3)" now reads "(3..0)" 


Ill-26 4.1 General, line 9: "$FFFF" now reads "FFFF" 

IIl-28 Selection Item Header, line 4: "(4..7)" now reads "(7..4)" 

IIl-28 Selection Item Header, line 5: "(0..3)" now reads "(3..0)" 

IIIl-30 Time-out Action Value, lines 6, 7 and 8: "(0..6)" now reads "(6..0)" 
Ill-30 Time-out Action Value, line 9: "(0..7)" now reads "(7..0)" 

IIl-33 Play Sequence Header line 4: "(4..7)" now reads "(7..4)" 
IIl-33 Play Sequence Header line 5: "(0..3)" now reads "(3..0)" 
IIl-35 Image Entry Header line 5: "(4..7)" now reads "(7..4)" 

IIl-35 Image Entry Header line 6: "(2..3)" now reads "(3..2)" 

IIl-35 Image Entry Header line 7: "(0..1)" now reads "(1..0)" 

IIl-35 Image Entry Header line 9: "%10" now reads "%01" 

IIl-35 Image Entry Header line 10: "%01" now reads "%10" 

IIl-36 Image Resolution Sequence, line 7: "(4..7)" now reads "(7..4)" 


IIl-36 Image Resolution Sequence, line 9: "(0..2)" now reads "(2..0)" 
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CHAPTER IlI (continued) 


Page Ill-36 
IIl-37 
IIl-37 
Ill-40 
Ill-40 
I-41 


I-41 


Image Resolution Sequence, line 20: "(0..2)" now reads "(2..0)" 
Image Delay Time, lines 6, 7 and 8: "(0..6)" now reads "(6..0)" 
Image Delay Time, line 9: "(0..7)" now reads "(7..0)" 

Audio Entry Header, line 4: "(4..7)" now reads "(7..4)" 

Audio Entry Header, line 5: "(0..3)" now reads "(3..0)" 

CD-DA Delay Time, lines 6, 7 and 8: "(0..6)" now reads "(6..0)" 


CD-DA Delay Time, line 9: "(0..7)" now reads "(7..0)" 


CHAPTER IV 


Page IV-i 
IV-6 


IV-6 


IV-9 
IV-9 
IV-11 
IV-13 
IV-15 
IV-17 


IV-18 


IV-19 


2.6.5: "Composition" now reads "Recomposition" 
General, line 1: "called" now reads "referred to as" 


Generation of RGB primary values, line 8: "and CIE coordinates are:" 
now reads "are listed as the CIE chromaticity coordinates:" 


2.6.1, line 1: "demonstrated" now reads "illustrated" 
2.6.1, lines 13 and 16: "by" deleted 

2.6.2, line 14: "by" deleted 

2.6.3, lines 8 and 11: "by" deleted 

2.6.4, line 10: "by" deleted 

2.6.5 heading: "Composition" now reads "Recomposition" 


4Base Quantization and Huffman Coding, line 8: "The encoder quantizer 
selects the appropriate decoding table and matches it" deleted 


3.1, line 1: "Image Component Data (ICDs)" now reads "Image 
Component Data" 


CHAPTER IV (continued) 
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Page IV-19 3.1, line 2: Image Component definition added after "resolutions"; "ICDs" 
now reads "Image Components" 


IV-20 first line below Figs IV.9a and b: "the structure of" added after "gives" 
IV-24 Image Orientation, lines 4, 5, 6 and 7: "(0..1)" now reads "(1..0)" 
IV-24 Image Orientation, line 5: "%10" now reads "%01" 

IV-24 Image Orientation, line 6: "%01" now reads "%10" 


IV-24 Image Pack Resolution Order, lines 3, 4, 5 and 6: "(2..3)" now reads 
Moise): 


IV-24 Image Pack Resolution Order, line 4: "%1..0" now reads "%0..1" 
IV-24 Image Pack Resolution Order, line 5: "%0..1" now reads "%1..0" 
IV-25 4Base HCT Identity, line 4: "of bits#(6..5)" added after "value" 
IV-26 Interleaving Ratio, line 8: "(0..3)" now reads "(3..0)" 


IV-26 Interleaving Ratio, line 9: "ranges 1..15" now reads "number ranges 
%0001..1111" 


IV-26 Interleaving Ratio, line 10: "(4..7)" now reads "(7..4)" 


IV-26 Interleaving Ratio, line 11: "ranges 0..15" now reads "number ranges 
%0000..1111" 


IV-26 Interleaving Ratio, line 12: "(4..7)" now reads "(7..4)" 
IV-26 Interleaving Ratio, line 13: "(0..3)" now reads "(3..0)" 


IV-28 Fig. IV.12, lines 20 and 22: "Copyright" now reads "Copyright/Use 
Rights" 


IV-28 Fig. IV.12, line 21: (Copy Protect Status) deleted 
IV-34 SBA Data, line 1: "(226..329)" now reads "(226..331)" 
IV-34 SBA Data, line 17: "(229..329)" now reads "(229..331)" 
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Copyright vi 
November 28, 1991 


System Description Photo CD 


List of Changes 





Page IV-34 
IV-34 
IV-34 


IV-34 


IV-34 


IV-34 


IV-34 


IV-35 
IV-35 


IV-35 


IV-35 


IV-35 


IV-35 


IV-78 


IV-79 


IV-79 


IV-79 


"Copyright Status" now reads "Copyright/Use Rights Status" 
Copyright/Use Rights Status, line 1: "#330" now reads "#332" 
Copyright/Use Rights Status, line 4: ($00 ..... restrictions) deleted 


Copyright/Use Rights Status, line 5: "restrictions" now reads "and image 
use restructions apply" 


Copyright/Use Rights Status, line 6: "undefined" now reads "copyright 
and image use restrictions are not specified" 


Copyright/Use Rights Status, line 7: "text" added before "file" 


CopyrightUse Rights Status, line 8: "Copyright" now reads 
"Copyright/Use Rights" 


Copy Protect Status: entire paragraph deleted 
"Copyright Text File Name" now reads "Copyright/Use Rights File Name" 


Copyright/Use Rights File Name, line 1: "(332..361)" now reads 
"(333..344)" 


Copyright/Use Rights File Name, line 2: "It gives the name of the file that 
contains the copyright restrictions" deleted 


Copyright/Use Rights File Name, line 3: "Copyright" now reads 
Copyright/Use Rights" 


Copyright/Use Rights File Name, line 4: "The Copyright/Use Rights text 
file, if it exists, contains information on copyright or use rights for the 
image. This file resides in the "RIGHTS" directory." 

OPA Descriptor, line 5: "(1..7)" now reads "(7..1)" 


Attributes Base/16 OCD#(1..last), lines 11, 13, 14, 15 and 16: "(0..1)" 
now reads "(1..0)" 


Attributes Base/16 OCD#(1..last), line 14: "%10" now reads "%01" 


Attributes Base/16 OCD#(1..last), line 15: "%01" now reads "%10" 
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Page IV-79 Attributes Base/16 OCD#(1..last), line 17: "(2..7) now reads "(7..2)" 
IV-80 OPA Descriptor, line 5: "bits#(7..1)" now reads "bits#(1..7)" 
IV-80 OPA Descriptor, line 6: "0." now reads "%0000000" 
IV-81 Attributes Base/16 OCD#(1..last), line 9: "(0..1)" now reads "(1..0)" 
IV-81 Attributes Base/16 OCD#(1..last), line 9: "(2..3)" now reads "(3..2)" 
IV-81 Attributes Base/16 OCD#(1..last), line 9: "(4..5)" now reads "(5..4)" 
IV-81 Attributes Base/16 OCD#(1..last), line 10: "(6..7)" now reads "(7..6)" 


IV-81 Attributes Base/16 OCD#(1..last), lines 11, 12, 13, 14 and 15: "(L..H)" 
now reads "(H..L)" 


IV-81 Attributes Base/16 OCD#(1..last), line 13: "%10" now reads "%01" 


IV-81 Attributes Base/16 OCD#(1..last), line 14: "%01" now reads "%10" 


APPENDIX I 


Section references added 
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